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Chapter 6, 


Errors of radio direction finder, connected with radiowave 


propagation. 


6.1. Effect of the abnormal polarization of electric field. 


To external ayuipment/device of radio direction finder besides 
the tarrestrial normal-polarized wave, can approach also the waves, 
reflected from upper aire In the general case the electric field of 
the wave reflectad contains the vertical and horizontally polarized 
components, mocedver dimensional orientation of the components of 
electric field, and also the relationship/ratio of their amplitudes 


ahd phases chang? in time. 


The cadiatids patterns used at present in the radio Jirection 
finders of antenna systems in radiowave propagation at a1 angle to 
the horizon usually do not coincide for vertical and horizontal 


components electric field. Therefore the resulting raijation pattern 
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for a total field aves not coincide with cadiation pattaras for fiela 
component. We sea earlier that with amplitude direction-finding 
method, utilizinjy an antenna radiation pattern of the system of radio 
direction finder for a vertical {or horizontal) electrics Field, it is 
possible to daternine correct bearing on radio station. Prom that 
which was presented ic follows that during the determination of 
bearing from tae cesulting radiation pattern they are obtained in the 
gereral case of error. Since the parameters of the reflesting ionized 
layers of the atmosphere continuously change, changes thea 

adi aeareevon of radio waves, and also error in time. Thay are called 
poiarizational ertors. In phase direction finders the simultaneous 
reception/procedure or both components of electric fielki also is led 


to errors. 
Page 286. 


AS is known, on ultra short waves under normal conditions, does 
not occur the reflection from the ionizei layers. On midile and long 
waves the reflaction from upper air is obsetved mainly by night; 
therefore on thes2 waves polarization errors are developei to the 
most powerful degree by the night and thay are frequantly called in 
radio diraction finders "night effects". On short waves the 


reflection from upper air occurs during all days. 
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Sinca the prasence of polarizational errors is not connected 


with a change in the direction of propagation, the palacizational 


errors of radio jirection finder one should relate to tool houses. 


As tae basis of the elimination of polarizational errors, can be 


placed one of the following principles: 


1) The use 2f the antenna of the system at whos2 raiiation 
patterns for vertical and horizontal electric fields would coincide 
completely or at least in that part from which is deterained the 


bearing (for axaagle, application/use by the antenna of system with 


the diverse framework); 


2) decrease iown to the minimum limit of reception/proceduie of 
one of the cOmponants electric field, usually norizontal (system vith 


the spacei antennas, the compensated for framework and So forth); 


3) tae elimination of the reception/procedure of th2 wave 
reflected and th2 preservation/retention/maintaining of 


reception/procedure one of terrestrial normal=polarizai field (tke 


sampled-data syst2ms of direction finding). 


4 


Polarizational errors are the rapidly changing candon errors ani 


their average value with sufficient time of direction finiinyg as 
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CO close to zero. 


In order to Jecrease the manifestation of these errors, usually 


%. in the radio direction finders, constructed according t) the second 

‘ke principle, are taten with direction finding several readings and is 3 
. designed average bearing. 
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6& 2 Determination of error due to the abnormal polarization of 


electromagnetic field. 


Let us examine action on the radio direction finiar of 


terrestrial and catlected radio waves. 


Let the a2lestric field of terrestrial wave has elliptical 
polarization and it it is possible to decompose on E, - vartical 
component and E,c*" 1 = horizontal component in the plane of 


propagation. 


FOOTNOTE !. Hare and throughout phase is counted off calative to E,. 
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EN DFOOTNOT F. 


The horizontal coaponent of terrestrial wave in the plane, 
perpendicular to direction of propagation, at a great jistance from 
transmittar attenuates and it is equal to zero. The decrease in the 
horizonta] field the greater, the greater the equivalent ground 


conductivity. 


The alectric field from uppet ionospheric layers of wave 
reflected contains components: E,,c’%*: - vertical field; E,,c’™ 
- horizontal fieli in the plane of propagation; E,,e/* is a 
horizontal field in the plane, porpendicular to the plane of 


Peopagation. 


In the case o9f the linear polarization of the elacstric field of 
the wave reflectsi, which has amplitude Eg, the phase ¢5, the angle 
of polarization y and the angle of the slope of a front of wave 6, 
its components will be: E, cos y cos pe!** - a vertical fieli; E,cosy sin pe’? 
- a horizontal fieid in the plane of propagation; E, sin ye!** - a 
horizontal field in the plane, perpendicular to the plane of 


propagation. 


Let us desiyaate: HyF, (a, 0, 8) - ef factive height and 
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directional characteristic by the antenna of system for components 
the electric fieli of wave in the plane of propagatida: daFa (a, 9, 8) 
- the suma characteristics for a component electric field in the 


plane, perpendicular to direction of propagation. 


Sometines for in the antenna of the system of radio Jirection 
finder directional characteristic Flu, 9, 8) can be prasaqated in the 
form of the product of two characteristics: (a, 6) ~ in aorizontal 
plane ani f(p) - in vertical plane, i.e., 

F(a, B, 4) =4(a, 9) f(), 
where 6 is an angle of the direction of the oriented raiio station 
with the initial reference line of bearing; a is an angle of the 
orientation of directional characteristic of relatively initial 


reference line, 
Page 288. 


Let us writa condition for the reading of beariny in the general 


cases 
G{E,H,F, (a, 0, B=0)-+ E,e’*7,F, (a, 8, B == 90°) + 
“HE,,0/%"[1 4- Rye ™) HF, (a, 0, B)-F 
-L Ege" [1 + Ret) HF, (a, 0, B == 90°) 4- 
“+ E,e’*[1 - Rol", F, (2, 6, B}=@*, (6.1) 
i, 
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FOOTNOTE 24 In th? case of propagation of VHF on top, for example 
from aircraft, F, = Ez = 0 and Egy. Egos En3 in different 
relaticnshipysvratios are amitted by the antenna of aircraft. 


ENDFOOTNOTE. 


where RY ara the module and the argument of the coefficiert of 
terrain echo of the vertically polarized field; Ry, > {- the 
same for horizontal-polarized field % % is the delaying phase 
earth-reflecsted wave relatively falling directly for vertical and 
horizontal fialis; G is an operation of determining the bearing 
(obtaining the maximum, minimum and so forth); g is the required for 


obtaining bearing result (zero, the maximum value of lug/lobe, etc.). 
From Fig. 6.1 it follows that if sensors are arrange/located at 
height/altitude hn then n in (6.17) will be {see Fig. 6.1) 
4 i 
= 38 (AB+ BC)="~ AD= “hy sit B, 


where AB and BC is the increment of the ray/beam, reflected from the 


earth/ground, D = mirror image ¢ and BC = BD. 
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For a jgonionatric systen from n of the vertical wira antennas 


whe; the separation of antennas is much less than tha wav2length, we 


haves F, (a, 9, 8) = sin (a — 8)cos 8, 
F,(a, 6, B) == cos (a — 0), 
Qnbh, oN 
he 
Page 289. 


a dapenis on the diagram of connectica of antennas (U-, 
H-shaped, etc.). If. we substitute these values in (6.1), then by 
formulas {II1.3)-(III.7) can be calculated xs and bearing error Aj, 
and also ratio A/B. Error increases with an increase in ratios Ha/H, 


and Eg3/Fo, (wita an increase y), and also with an increase of angie 


Ba 


For the charactsristic of the degree of susceptibility by the 
antenna of the systen of amplitude radio direction finder to errors 
due to abnormal polarization is introduced the concept 9£ the error 
of standard wave - Aler This is that polarizational error which 
appears with the lirection finding of one abnormal and 


piane=polarized wave reflected when y = Pp = 45°, 


For a frame radio direction finder with the realing »>f bearing 


on zero audibility. 
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H,=H,, F, (a, 9, 8) =sin (a — 6), 
F, (a, 8, 8) = cos (a — 6) sin 8. 


Set/fassuming in (6.1) 
E,=E,=E,,=0, E,, =E, cosy, E,,=E,siny, %o,==Pes==0, 
from condition g = 0 we will obtain for the polarizational error 


1 + Ryelldat ue) 


tg AO, = tg (a — 0) = teysin po eiral | 
1 


If we at an angle y understand the angle of the polarization of 
the resulting wav2 taking into account terrain echo ani to Suppose 
that the phases of the vertical and horizontal componaats of electric 
field coincide, then we will obtain 

tg 40, = tg y sin B. (6.2) 

This exprassion is obtained into §3.3. The error of the standari 

wave of the framework at 7 = § = 45° is determined from the condition 


tg Ale, =0,707 OF Abe: = 35,3% 


The methods of the practical determination of polacizational 


errors ar2 given in chapter 9. 
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‘b 3 
Fig. 6.27. Course 9f ray of the wave reflected, 
Page 290. 7 

' 

| 

| 6. 3. SyStams of cadio direction finders, free from polarizational 

| errors. 

i 

i System with the diverse framework. 


The descvibed (into §3.7) system with two diverse framework is 


almost completaly free from polarizational errors, since the 
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horizontal componant of the field reflected is not creat@i errors 


with direction finding. 


Main disadvantages in the systems with the diversa framework 


they are: 


1. Saarp deccease in the sensitivity ot system with the 


elongation of wave, 


2. Complexity of engineering Joniomatric system with diverse 
framework. jgoniometric system of two pairs of the diverse framework 
whose planes must be parallel, has different sensitivity For the 
different angles »9f arrival of wave. Sensitivity is equal to zero for 
direction of propagation, perpendicular to the planes of the 


framework. 


Is necessary instead of each framework to take two mutually 
perpendicular shaaged over framework (in all are obtained eight 
frameworks); as a result the system strongly becomes complicated, At 
the same time, rotary System possesses large inertia, whish increases 


time of the taking of bearing. 


3. Presence in radiation pattern besides two zeros, letermining 


accurate bearing, an additional two false minimums of audibility of 
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signal. [t should be noted that the last/latter deficiency/lack is 
not virtually essential, since "the falsa"” minimums with the 
direction finiiny of the waves reflected are strongly are blunted ani 


Slightly differed from the true. 


Furthermore, is required large thoroughness in construction and... 


in the production of system with the diverse framework; thus, for 
instance, it is nacessary to fulfill with high accuracy the 
parallelism of the planes of the framework (0.1~0.29), the identity 


of the distances of the framework of receiver, etc. 


Systems with the spaced antennas. Different connection iiagrams. 


The »perating principle of such antannas is describai earlier 
(§§2.2, 3.6, 3.10. Antennas, are constructed so that the external 


system would ba ascepted only vertical couponent of electric fieli. 


Page 2°14. 


The exception/2lisaination of the reception/procedure of horizontal 


component is led to the elimination of polarizational errors. 


Sometimes on ultra short waves is realized the reception/procedure of 
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one horizontal conponent of field. 


Tha simplest system is the so-called H~shaped system (H-shaped 
system). The pattarn of the connection of the vertical wire antennas 


in H-shaped system is shown in Fige 642+ 


Emf from each of the vertical wire antennas will be 
feed/conducteji to coils K by the horizontal pairs of the vires of 
identical size/dimension {bc = ed = hg = ge), arrang2/loczated at very 
Close distance from each other. As a result of the complate identity 
of wires in them, they are induced under the effect of horizontal 
electrical field of emf of identical value and identical phase. 
Difference these amf, forminy voltage on coil K, is equal to zero, so 
that on system oparates Only vertical component of electric field. 


Therefore polarizational errors must be absent. 


In order to ensure the absence of reception/proceiura to the 
horizontal parts »9f the antenna, ace necessary not only the equality 
of the lengths of horizontal wires, but also identical loads at theic 
end/leads. Tha loai of horizontal vires are the upper and lover 
halfdipoles ab, ae and HF, df whose parameters in the jyanaral case 


are different jua to their location at the different height/altitude 


above the earth/ground. 
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On short ani ultta short waves sometimes for the aquation of 
loads from halfdipoles they raise above the earth/grouni antire 
antenna system. [t is possible lower halfdipoles to take somewhat of 
the smaller length than upper, but. by thease they steaily From upper 


and lower halfdipoles only in narrow frequency hand. 
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Fig. 6.2. H-shap2i system of spaced antennas. 
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Therefore this method ot a decrease in the polarizational errors must 
not consiler accadtable for a wide-range radio direction finder. 
Furthermore, tha optimum difference in the lengths of upper and lower 
halfdipoles depends on the pee une ete of soil, i.ee, it is variable 


for the different building yrounds of radio direction finier. The 


‘nearer the parameters of soil to dielectric, the lesser its effect on 


asymmetry. 


Other reasons for the polarizational errors in H-shaped system 


they are: 
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a) tarrcain acho of the fieli, created by current in the screen 


of feed and tha induction to them emf in vertical condutors. 


b) the peesaace of the communication/connection between the 


wires of feeder and input circuit of receiver. 


The analysis of. the components of the polarizational error of 
H-shaped system is uviven in [6.5}. 
3 
H-shaped system can be applied in the form of tha rotary pair, of 
antennas. In its this form frequently they utilize on short and ees 


short wavese Antenna system rotates around motionless c2z3iver or 


together with it. Py 


It is possible to also apply goniometric H-shaped system. ¢ 
Goniometer with caceiver in this case they place in cabin, which is 


located in the center of antennas. 


On long waves the lower parts of the vertical wire antennas (dt 
and is in Figs 6.2) are taken usually shorter than upper, and for the 
balancing of the load of horizontal wires in lower wites, are 
connected the agualizing capacitance/capacities C {/?ig. 5.3). In this 


form H-shaped system is called that which was balanced (or 


equilibrium). To Fit capacitance/capacity C so that they were 








“J 


or 


are: 


oT 


poc = 77223214 PAGE 3 HDR 


ae a 


te 


is 


6. Ron 





equivalent to tha load from upper dipoles on large wave band, 


“ 


difficult. Balancing of H-shaped system is applied thecefore with the 


i. 
Sts 
| 


A dt ll tli | Lil a a hiss ck Heth 3 aia seat aladadl Au clade cctibelse 


we 


linited wave band. 


. cheer 
Tok a! 
+ pes 


ore 
tee 


Are. known tn2 cases of applying the balanced H-shapei systen, 


eh, 


B0 


also, on short waves. 


OM, 


= 
sey 

ae 

2: 

< 


AT 
oes 


TES 


2 alt 





Pandey chet aH, be a etna tl head bidet Dalbeko edsceiasdl cided 42:4. SMe dca wid a ok calla becan sid Aone, ih Bian, iba cada 


i] 
1 
Binet oes SHES de eae Bee Loti bal tesa ae 3 








DOC = 77223214 PAGE 2 yo 





Fig. 6,3. Salanced H-shaped system. 


ae Page 293. 

ot 

: In VHF range sometimes is realized antenna systam with the 

dipoles whose ori2ntation can be changed for the reception/procedure 

[ | either of horizontal or vertical electric field (Fig. 3.51). 

fs 

: 1 

i @he error of the standard wave of the virtually ctealized 

be W-shaped systems lie/rests within limits [1.10 ]s 


at frequencias, close to 10 MHz, 49, 


i at freguencias, ciose to 1 MHZ, 3°, 
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at frequenci2s, close to 0.3 MHz, 4-89, 


Widest use will receive besides the described two syStems als” a 


Ueshaped system aad system with conversion transformers. 


Operating principle U-shaped of system is shown in Fig. 6.4. The 
reception/proceduce of the horizontally polarized component of the 
electric field of electromagnetic waves they strive as fart as 
possible to decrease. For this, are placed the hcrizontal parts of 
the antennas (feelers) at certain depth on the order of 1.5-2 mn, 
where the horizontal field is attenuate/weakened !, ani also is 


applied the syst2 or the grounding of tne shell of feeders, 


FOOTNOTE 41. Feedacs are placed below depth of soil freazing where the 


parameters of soil are more constant during one year. ENDFOOTNOTE. 


The degree of the weakening of the horizontal intensity of field 


at depth 2 m due to absorption in the earth/ground is shown in Fig. 


6.5 for the case of two soils: 


iti aa ae af 
aes ith ia has tt 





| 
Sisk 


Saf sel cubated aca nit Si ld 


i 
ie 


Aeiobie a skctiald sacks wht 


n 


atts lls 


4 
Ps 


ii oki ona A bets Se cstat eth dsb 








DOC = 77223298 PAGE 3+, \ 
e= 10, o= 107" | (pa. 6.5,6) — uhdbenan nousa, 


\\om Pra! 





be ae 
s==5, o==10°t (pric. 6.5,a) — cyxan noupa, 


Key: (1). Qeme (2). Fige (3). humid soil. (4)6 dary soil. 


From curve/gtaphs it follows that at depth 2 m with « = 1073 
q7yQen the minimua weakening of the horizontal component in the range 
of waves 209-3000 a ranges from 2 to 7.5 times. With « = 1372 1/Qem it 


changes from 8 vs 16 cines, 


Thus, with ground conductivities less than 10°? l/2en, 
especially on shaft waves, weakening is very small and one fill-up of 


feeders into the aarth/yround operates not very effectively. 
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Fig. 6.4. U-shaped system. 
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Fig. 6.5. Weakening of the horizontal component of field at dapth 2 
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If hovizontal electric field excites in the shell of feeder 


ith msc 


ae . Certain voltaje/stress Eo, then by applying careful grounding of 





the end/leads of the shell of feeder it is necessary to attain a 


® Maximum dacrease in this voltage/stress on the end/leadis of the shell 


and in feeder, 


The harmful voltage/stress, transmitted from shell into feeder, 


will be 
Z 
: Ey =|KEos 7,4 Z6|" 
where .Z, is C2sistor/resistance of grounding of the eni/lead of 
the shell of feelar; Zog,- - the resistor/resistance of the half of 
the length of shall, Zoo= jp, tg mols; Moe Po - propagation 


constant and the wave impedance of shell; Ly is a half of the 
! length of shell; k - the coefficient of the transmission of the 


voltage/stress from the end/lead of the shell into the feeder of 


antenna, 
Than is lass i. i.ee., how carefully is done grounding, those 
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f 4 
% less E» and is better the polarizational protection of U-shaped 4 
nae he ae 
al systen. 3 
at a 
| 3 
\ = 
re Besides a good grounding under antennas for a decrease in the a 
V haraful effect of horizontal field, is applied the suppl2aentary long F 
BD San Rina eM nd Se od 3 tetera igo th br oe E = 4 2 2 Y = oa ee eee aes : Biases Pasir Se ote 9205 20s 2a went 
i wire, connecte] with the shell of feeder and packed in the 

7d 
i” 
pi . @arth/ground its as continuation (Fig. 6.6). By this is ceached the | fe: 

a , 
s: 
is symmetrical location of the vertical wire antenna of relatively 

. secondary horizontal field and decreases the action of tiis field on 

antenna, The extension of the wire can he grounded. 
"4 





Fig. 6.6. Supplementary elongation of feeder. 
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Pigs 6.7. Comparison 2£ results of direction finding by framework ani 


Yeshaped system: a) yood results; b) average results; <) poor 


results. 
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Key: {1). hour after approach. (2). Framawork. (3). Systam with the 


spaced antennas. (4). Error, deg. (5). Time. 
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Depending on the conditions of propagation, the quality of the 
work of U-shaped system can somewhat change. Pigures 6.7 gives good, 


average aad poor cesults of the work of U-shaped systam [1.101. 


U-shaped system with the buried into the earth/grouni feaders is 
applied in places with large ground conductivity, when o > 1072 
tyNQem.: With such soils is observed the noticeable weakening of 
horizontal field at depth 1.5-2 m and, furthermore, sufficiently is 


eaSily attained a good grounding of Shells of feeders. 


For the best protvction from the reception/procedure of 
horizontal field, it is possible the feelers of U-shape2di system to 
place above or unier counterweight in the form of wire gauze. A 
radius of counterweight for each antenna is designed from that 
considetation So that not less than 900/o power of radiation current 


would bea slosed t3 counterweight. This frequently is led to the fact 
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that a radius of sounterweight is obtained the equal to three-four “4 
heights of antennas. Work {6.7] gives the calculation of the optimun 


number of wires of grid during their laying along radii under each 


ETT BE 


antenna. The pattern of the fulfillment of the grid of caijio-. 


t 


“ direction finier is shown in Fig. 6.8. Grid consists of square cells 
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Fig. 6.8. Schenatic form of grid. 
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The separation caa be calculated from the condition so that the 
overall length of wires during parallel laying was equal to the 
length of wiras with their radial location. If according to 
Calculation accoriing to [6.7] radius of grounding undac 2ach antenna 
it is equal to r, the number of wires n, then the separation in mesh 


is obtained equal by d « wr/ne 


Grid usually assembles circular shape, with radius R = b + c¢ (2b 
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- the separation of antennas). On the pecimeter of grid, are soldered 


the lengthening wires whose length one should fit so that would be 


pad te SR 


if 


realized the effective grounding on the perimeter of jgrii on all 


+ CPE 


frequency band of tne radio direction finder, ise, 


Copan 


resistor/resistanse earth referenced of the solderad to the perimeter 


of grid wire must be equal to zero. For this, along the length of 


In | 

ee wires, must be placed the odd number of quarter wavelengths of radio 
a Se 

ae direction finder (taking into account the shortening of wave in 

! soil). The total number of wires is selected order 100 with the 


alternating lengta, calculate: foc the different waves of range. 


Figures 6.9 shows results of use cf wire gauze with soil by 
conductivity o = 1073 1/Q em. Diameter of grid 31 my, the 
— Size/dimensions 9f mesi 0.6 x» 0.6 m IS investigated radio direction 
finder with 4 spaced antennas; the height of antennas 7.3 a, 


separation 7.3 m. Feeders are placed to the earth directly under 


r ects GS 


In Fige 6.49 are plotted the polarizational errors which are 
determined at fraquencies 3-9 MHz with the aid of the heterodyne, 


raised, so that angle 6 = 119, 
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Fig. 6.9. Polarizational errors of U-Shaped system with grid. 


vit de see. 


Key: (1). Error of polarization, deg. (2). MHz. 
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Angle y it compos2s 75°. In curve 1 are plotted/appliei the 
polarizational ercors of system without grid, in curve 2 - with grid 
with the soldared to its edges 36 groups of wires, each group 
consisting of three wires in consecutively changing 20, 15, 11 mo 
length (a total »9f of 108 wires). Curve 3 gives errors with the same 
grii with 36 yroups of wires, each of two wires with a length of 15 m 
even 25 m (72 wiras). In curve 4 for a comparison ara shown the 
polarizational errors of the same direction finder during 


installation on 3911 with good conductivity « = 3«1072 1/2em and with 


buried on depth 1.5 m feeders [6.4). 
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On the basis of availasle material, it is possible t2 arrive at 
the conclusion that during the application/use of a metallization of 
the surface of soil it is possibile to estabiish/install U-shaped 
system in soils with the average conductivity, greater than 1073 
1/Qem. In ground sonductivities 10°73 1/Qem and less one should apply 


H-shaped systen. 


In [6«#8]}, is described the simplified method of the 
metallization »9f the earth/ground in by four-antenna to U-shaped 
system in the ranye of frequencies 1-7 MHz, which consists in laying 
above each feeierc of the antenna not of circular grid, but metallic 


band meshes. 


Let us note the difference in the mathod of the alinination of 
the reception/procsedure of the horizontal component of elactric field 
in U-shaped and H-shaped systems. In U-shaped system this elimination 
is based on the screening of horizontal feeder. In H-Shapad system 
the recaption/procedure of horizontal field is eliminated as a result 
of mutual compensation; the loads of both wires of horizontal feeder 


must be completaly identical, i.e., system must be symmetrical, which 


is virtually connected with those determined to difficulties, 
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In system with conversion transformers (Fig. 6.10) is placed the 


problem to facilitate the achievement of the symmetric Loading of two 


rent 


wires of aovtizontal feeders. The lengths of the halves of the 


ween 
ate 


vertical wire antennas are different. In order to eliainate the 
‘effect of the dissimilarity of loads from these antennas on the 
horizontal wires, the latter are includel through conversion 


transformers with small capacitance/capacities between windings. 


SPR aa aha See 
“te : 
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. 


The lesser thes2a sapacitance/capacities, the lesser is developed the 
asymmetry of vertical condutors and the lesser the error of radio 
direction finder liue to the reception/procedure of horizontal 


electric field. 


| 
| 
{ 
e| It is possible in the lover halves vertical dipoles to 
: jdaclude/connect compensating chains (on the long waves of 
Capacitance/capacity). Then is obtained system transfornarc balanced. 
{ 
iw Is applied also transformer system with the grounjei vertical 
- wire antennas, In this system for a decrease in the 


reception/procedure of the horizontal component of elestric field, is 


required vesijas small capacitance/capacities between the windings of 
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transformer the eyen better grounding of the vertical wice antennas. 
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As will ba srown that the characteristic of susceptibility by 


et aoe a re La 


the antenna of system polarizational to arrors was introduced the 


i oaeecary 


error of standard wave. 


ore 


ary 


TAR Ha 


In the U-shaped system of radio direction finder and in other 
4 


Systems wnaose feaiers are placed in the earth/ground or it is close 


mais 
Pea Bie at cs 





rs | 
He: 
{ 
ce 


a Stays 
Oa 


above the earth/ground at height/altitude less pas ani in. presence = 
of one coming in from above electromagnetic field, the polarizational 
error is completely determined by the angle of the slope »f a front a 


of wave § and polarizatio. y of electrical field componant. These 


ay 


systems tnaey Characterize by the error of standard wave. 


For the cais2d H-shaped system, especially on the ultra short 
Waves where delivery head can reach several wavelengths, the 
differences of the phases between that waich falls ani tnat which was 3 
teflected from the earth's surface {or sea) the components of 7 
electric field for vertical and horizontal polarizatioas they can be 
different. Becaus2 of this to the maximum of total field (directly 
coming in and reflected from the earth/groundy for horizontal 


polarization can sorrespond the minimum of total field foc vertical 


. polarization and vice versa. 
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Fig. 6.10. Antanaa ciccuit with transformers. 
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Thus, at the point of direction finding considerably changes the 
relationship/ratio of horizontal and vertical electrics fields. The 
polarization of tae resulting field depends on distance of 
transmitter and delivery head hy the antanna of the systaa of radio 
direction finder. This can lead to appearance at short distances from 
the transmitter of large polarizational errors (the horizontal 
component of electric field it is great, in vertical closa to zero). 
At large distances from transmitter, when the angle of incidence of 
wave front becomes more than the angle of slip of Brawster, phase of 
raflection coefficients for a vertical and horizontal electric field 


they become identical and the relationship/ratio betw22a vertical and 


horizontal raliation fields is retained during change in altitude. 


Jesh ies ouElaciiccloahs bib ch 3b seitLcaustiedes dy bs iedeon gh rdbstsaeic tenia. coc tes 





F 





ecb Mees ede shh Saintes shits nS Hide® gas’. Lacie ete 5 asl 





7 a 


atcha etate ec 


* te aticbie od a oe 


ain ss Gar aad 


| nctsb aaah deewlit> op Pr saee sera eee 





Te Be 


Corer se greener 





poc = 77223234 PAGE 53+ 544 


So [642}, at frequency 130 MHz, during the 
arrangement/permutation of H=shaped system at height/altitude 4a and 
during propagatisa above humid soil (oe = 10°72 1yQen, &é = 10) 
Brewster anjgla is equal to 20° and with the direction finding of 
aircraft which flies at height/altitude 1500 ay the described . 
phenomenon occurs at distances to 4.5 kmg above sea tha angle of slip 
of Brewster is equal to 84° and this distance reaches to 16 km. At 


large distances ta2 real relationship/ratio between the vertical and 


horizontal components of electric field is restored. 


For this reason susceptibility to the polarizational errors of 
the raised on haight/altitude antenna systems of radio direction 
finder to conveniantly characterize by the relation of effective 
height foc the horizontal and vertical electric fielis Ha/ii, for any 


angle of incidans2 in the determined parameters of soil. 


This same ta2 parameter is convenient for the characteristic of 
susceptibility to the polarizational errors of phase cadid direction 


finder. 


To sompara ia the relation to the polarizational errors of two 
radio direction finders, if the characteristic of suscaptibility to 


polarizational errors of one of them is aSsigned in the form H3/H,, 


and anothar in th2 form Mer is difficult. 
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At the large angles of the slope of a front from the ionosphere 
of the radio waves reflected of radio direction finders with the 
spaced vertical wire antennas, increases the relation of voltages 
from horizontal and vertical components alectric field ani increase 
polarizational errors. Occurs this because with an increase 3 
reception of vartical field, proportional cos? ff, decreases, but the 
reception of horizontal field barely depends on anyle 8. On short 
waves the range of the steep waves when increase polarizational 


errors, is located on distances to 400-500 km of radios transmitter. 


Furthermore, with an increase in the wavelength dateriorates the 
relationship/vratis of vertical and horizontal receptions, since 
effective height fer a vertical field falls, and tor horizontal it is 


retained approxizately constant. 


Systam with the diverse framework does not possess these 
deficiency/lacks, since in it voltages from the reception of vertical 


and horizontal fields are proportional to cos f, ieew, they fall 


simultanesusly with an increase § The relation of the reception of 
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horizontal ani vartical fields of this system does not i¢gpend the 


odes of wavelength. 


Let us give some statistical materials, chacactarizing RDF 


Systems with spaced antennas [ 1.10} 


Fig. 6.11 ani 6.12 gives percentage error distributions of 
bearings in night time on systems by U~shaped shielded, balanced with 
transformers and »btained on retatable loop. These figures are the 


result of processing several thousands of night observations on 


medium~frequency waves. 


It is interesting to conpare the mean square errors of the 
indicated systems, obtained as a result of these experiments. In Fig. 


6.11 mean square errors are equal: U-shaped system shieliad 2.49, 
rotatable loop 12.49. In Fig. 6.12 mean square errors ar2 equal: 


system balanced with transformers 1°, rotatable loop 3.4° 
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If all results are converted to tne mean square erroc of 
rotatable loop into 12.4°, then we will obtain the following 


comparative errors of systems in the degrees: rotatabl2 Loop 12.4; 


system U-shaped shielded 2.4; transformer balanced (balanced) system 
1.5 


ideal ual 
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a From the comparison of given data with the error of standard 3 
iS wave of framework (35.39) it is evident that the average juadratic a 
| es 
eae “operating error comprises approximately 35-400/o0 o£ ercor of standard “a 
mo | ees 2 
bs “wave. Hense it is possible to draw a conclusion about the permissible a 
et error of standard wave with the assigned operating error. 3 
wd Were the attampts to use for the compensation for the reception 4 
a : a 
| of horizontal field to the framework the supplementary horizontal “ 
H rf 
| “4 
' wires, connected with framework [6.6]. However, such systams did not 3 
" =4] 
find practical application/use as a result of the high dependence of 
the requiced compensation on frequency and soil of the installation 
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of radio direction finder. 
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Fig. 6.11. Comparison of the accuracy of direction finiing by the 


framework and the U-shaped systen. 


Key: (1) Errors. (2). Shielded U-shaped system (4500 obs2arvations). 


(3). Pramawork (3500 observations). (4). Error, deg. 


Fig. 6.12. Comparison of tae accuracy of direction finding by the 


framework and the balanced system with transformers. 


Keys (1) errors. (2). System, balanced with transformer (3549 


observations). (3). Framework (3530 observations). (4). Error, deg. 
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Ms Circular antenna systems with acute/sharp directional 
4 
Ft characteristic to a lesser degree are subjected to polarizational 
; errors, than system with cosinusoidal characteristic, for the. | 
a following reasons; . - BD ae Y hata ae 
a 
‘ \ a) the averajye value of the projection of feeders on any 


direction smaller than the diameter of spacing of the antannas; 





consequently, tha less effective height for a horizontal electric 


: field; 
4 
§ 
“s b} the voltages in feeders store/add up not cophasally; 
6 

c) feeders have the best screening because of the large 
os size/dimensions of wire gauze of grounding. 


The protection of phase systems on polarizational errors depends 


on the workmanship of an antenna~fve ter system. 


System with pulse transmission. 
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To decrease the polarizational errors is possible, applying in 
the oriented transmitter pulsing. For the realization of this method 


of direction finding transmitter, intended tor direction-finding, 


must be supplied with special equipment Alevice for the 


emission/tadiation of momentum/inpulse/pulses. In this case not the = _ 


output of receptor is included the cathode-ray tube on ssreen of 


which it is observed both momentum/impulse/pulse of terrestrial wave 


and the momentum/impulse/pulses, reflected from ionospheric layers. 
Virtually it is possible to obtain several (to 6 and mora) 
reflections from layer E, several (two and more) reflections from 
layer F, and also the diffuse reflections, near and renot2. Images on 
the screen of cathode-ray tube lag behind each other tc the tine, 
caused by the supplementary distance of propagation, determined by 


the height/altitude of reflecting layer and by level of reflection. 


The schematic diagram of equipmentyievice for a pilsa radio 


direction finder is shown in Fig. 6.13. 


The nomentua/impulse/pulses, taken by the framework or another 
directional antenna, create voltage on one pair of plates of 
cathode-ray tube. To another pair of plates, is fed the sweep 
voltage, synchronized hy the local oscillator of low frequency whose 


frequency is regulated to its coincidence with the pulse cepetition 


frequency of transmitter. Then on the screen of cathode-ray tube are 
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obtained on the medium-frequency waves of image, analogous Pig. 6. 14. 
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second (but sometimes and the third), that came is somewhat later, 
cotresponis to reflection from layer E (Fig. 6.14b), Fy - the first 


reflection from Layer E, Eo - the second so forth. 
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Direction finding is reduced to the rotation of franaevork or 


fabs, 


search coil of goniometer and finding of the situation, when 


ta le: tha 


i 


disappears the image of the first peak from ground ray (Pig. 6.14c). 


et badisd 


This method of dicection finding is led to release from 


Ria te 


polarizational errors, but it it is possible to use with aission time 


aeeors 


of momentum/impulse/pulse only up to determined distances from 


edd. 


transmittar, thus far the pulse duration is not greater than 


whee ha 


difference in the transit time of terrestrial and reflactad vaves. 
Knowing the pulse duration and being given the height/altitude of 


reflecting layer, it is possible to calculate the maximum distances 


Cpe 


of direction finding. 
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Pig. 6.13. Schematic diagram of pulse raiio direction finier. 


Key: (1). Feed. (2). Time/temporary scan. (3). Pulse signal. (4). 
Receiver. (5). Amplifier is low, it is frequent. (6). Switch 
"BearingwAux. cecaiver"., (7). Circuit of scan. (8). Aux. receiver. 
(9). inclusive-of&. (10). Frequency regulator of scanning/svweep. 
(11). Telaphones. (12). The regulator of 1l-f amplifier. (13). Feed. 
AS Sat ts 
a) ry Ss) C9 


Fig. 6.144 Image on Screen of cathode-ray tube. (Sweep fcaquency is 


two times greater than the pulse repetition frequency). 
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Fig. 6.15. Iwages of momentum/impulse/pulses under differant 


eS pagans ps tet nests 


conditions of propagation of short radio waves. 


ms os SASF, Fgh Fy $b FyLS Fy Fy 
a) bh ef 
3 org 6.25. 
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ty: 6.16. 


Fig. 6.16. Ranges of diffuse reflection. 





Key: (1). Radio transmitter. (2). Radio direction finier. = 
Page 306. : 
On short wavas at tube face, appear the images of ray/beams as : 
at Fig. 6.15. ; 

In Pig. 6.152 after the imaye of ground ray (ZL) thare are two 

a 
groups of scattered rad.wation S and LS whose sources ace at different . 
distances from dicection finder. : 
Figures 6.16 depicts the predicted paths of radiowave 

propagation for obtaining image analogous Fig. 6.15a. By crosses are 
-———- eu a ae, 
4 
4 
a. 4 
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marked the possible ranges of diffuse reflection from the ionosphere 
(S, - the near range of scattering, Sg - the remote range of 


scattering). In Fig. 6.15b the detachable wave follow the reflections 


- from layer F (single Fy, twofold Fz and triple F3). Image F2 is lost 


_ against the backgcound of the scattered (distant) reflection LS. In 


Fig. 6.15c terrestrial wave is absent. Image Fy almost overlaps with 
diffuse reflectio1s. Under specific conditions can appear also the 


images of reflections from layer E. 


Page 307. 


It is possible to carry out direction finding on any of the 
depicted momentun/impulse/pulses. On terrestrial wave on short waves, 
the bearing is reliable, thus liketeerror due to reflection are absent. 
Bearing on first reflection from layer E is most reliable of the 
bearings on the reflected beams, since from layer E wave somes most 


hollow, also, with minimum lateral deviations. 


A deficiency/lack in the method is the wide emission band of 
transmitter and the creation because of this of the interferences in 
pulse transmission to adjacent channels of communication/connection. 
The receiver of radio direction finder must possess tha broad 


passband of frequencies. So, with the duration of 


momentum/impulse/pulse 300 ws the passband of the frequencies of the 











+ Lat Ee eres “ 





ar 





DOC = 77223215 PAGE +3. BH5le 


receiver must be order 5 kHz, with the duration of 


nonen tum/impulse/pulse 0.5 ws, the passband of the frayuencies of the 


receiver must be 3¢106 Hz. 


_.. Another.metuod of pulse direction finding is described into § 


8.7. 
6.4. Lateral daviations of the radio waves of skip band. 


With the reflection of electromagnetic waves from tha ionosphere 
on short waves basides a change in the plane of polarization, are 


observed the phenomena of lateral deviations and radios interference. 


co 


As a result of the fact that at reflecting layer has the 
changing in time aorizontal gradient of ionization, the surface of 
layer seemingly become undulating. As a result in any point of layer, 
appear the changiag in time slope/inclinations, calling the lateral 
deviations of radio waves, i.e., the bearing error ani change in the 
angle fp. Table 6.1 gives the root mean square values of the angles of 
the slope of layecs E and P and the average speed of thair change 


into the daytime are frequent under conditions of calm ionosphere 


{6.11}. The RMS slope angles change approximately inversaly 





og 
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proportional to frequency. Rate of change in the slope/inslination 
lie/rests within Limits 0.4-0.5 deg/min. In night hours in summer the 
angles of the slope of layer increase not considerably in comparison 
with the daytime, while in night hours in winter and ducing the 


ionospheric disturbances - to two and are more once. 
Page 308, 


When wave passes in the plaro, which separate/liberates the 
darkened part of the earth/ground of that which was illuninated is 
obtained the horizontal gradient of ionization, which appears as a 
result of illumination change. Calculations show that foc this reason 


the slope/inclination of layer cannot ve more than 19. 


The period of slope deviation for any direction of caflection 


varies from one to 30 and more minutes. 


Any slope/inslination of layer can be decomposed on transverse 
and longitudinal. The lateral deviations of radio waves ace caused by 
the transverse slope/inclinations when standard to layer is deflected 
in the plane, perpendicular to the plane of great circle, the 
containing directicn of propagation. Longitudinal slope/inclinations 


(standard to layer is deflected in the plane of great ciccle) are 


produced change in the angle §. The oscillation/vibrations of the 
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slope/inclinations of Layer are led to slow changes in the bearing in 


time with the period of change from 1 to 30 min and 295ce. 


Let us designate:  .is an angle of the rotational axis of 
layer with the plane of wave front; 6 is angle of the slope of layer 


of relatively horizontal planes Aon is a height/altitude of layer; D 


~ distance is transmitter - direction finder. 


er) 
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‘Table 6.1. Effective values of the slope/inclination of layers aX 


according to data {6.11}. 












()) a) (3) Cpeanw® xmaaparine. | pocts naene- 
Orpamenne A Qxanearenr- | CRNA yroA HaRaona, MUR yCAB Nae 
“or Calon f. Meq | Man aucore, t pad ipeaues a ea 
ws | ew |oounr| ws | Ew 
E 3,7—7,3! 100—130 1,1 1,4 1,8 | 0,5 0,5 
9) Fo! 4,3—4,6| 230—330 1,4 1,442 0,6 } 0.5 
‘i {o6niKkn.) 
F—2 5,0—7,7| 260—520 1,8 1,4 | 2,4 | 0,4 | 0,3 
® (OObiKi.) 
F —~2 5,0—7,7| 240—500 1,5 0,4 0,4 


1,t | 1,8 
(oe 


Key: (1). Reflaction from layer. (2). MHz. (3). Fquivalent 
height/altitude, km. (4). Average quadratic angle of the slope, deg. 
(5). Average rate of change of angle of the slope deg/min. (6) 


common/general/total. (7) (ordinary). (8) (extraordinary). 


osing 


as 6, ¢ 





Figs 6172 Ercor iue to lateral deviation. 
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7 Page 309. = 
a a 
is E 
ia 
ie Then with single reflection, as this follows fron Fij. 6.17 


(earth/ground it is assumed to be the plane), the azisuth deviation 


of radio waves 4, from the plane of great circle transmitter - 


Lee aN 








Bs direction finder witl be | 
<? 
iz tg 4, = thes tg (3 sin ). (6.3) 
- ouis higher Layer and the lesser the distance betweea the 
x transmitter and the direction finder, the greater tha arcar A, due to 
the slope/inclination of layer. a 
fit a 
In (6.3) Jeet ctg ®), where #, is an angle of incidence in 4 
: ! the wave on layer; therefore 3 
tg 6, = tg (dsin }) ctg Pe. (6.31) 3 
. Bich consideration of the sphericity of the earth/jground formula a 
(6.3") assumes the fora E 
tg 4, = tg (Ssinp)ctg p, cos ®, = : 
where m is a half of the central angle between the transmitter and 4 
the direction finder. For the small distances . 
cos ss 1 u te A, = tg (Ssin gy) ctg go. 3 
For the large distances and: q : 
cos (P = sin Pe A 18 A, = tg (5 sin) cus p. 4 
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Page 310. 


If one considers that with reflection from layer Fa the angles of 
incidence lie/rest within limits ) = 30-70° then must be fulfilled 
when » = 90° equality tg A, = (0.34-1.73) tg 6 or approximately at 
small angles 6 

| A, = (0,3-+ 1,73). 


— 


a 
@n the presence of two reflections, if the first of thea is 


characterized by values 6, ¥,, 4ca. the second - by values 5a, te hom: 


the conplete lateral deviation of emission/radiation will be 


‘ fe : 
tg A, = thes (te sing, +3 nS 6,sin v4): (6.4) 


A 


@ssuming the statistical characteristics of lateral Jeviations 
at two mirror points identical and teay=heas==Neoa, we will obtain 
that depending on the statistical comaunication/connectian between 
Slope/inclinations 5, and 6, the variance of error of bearings will 
be: - in the absence of the correlation between 6, ani 5, A? = 104? , 


; a? — 162°. 
+ during the total correlation cs ae er 


With an incr2ase in the number of reflections of 2rror due to 


lateral deviations capidly they increase, In all cases with the 
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number of reflections, greater than one, the nearer the asirror point 


to receiver, the more powerful affects the reflection at this point 


the error of lateral deviation. 


--- Pigures 6.18- gives. for.a-radio. direction. finder with —_._.... 
cosinutsoidal directional characteristic the averaged dapendence on 
distance of variance of error due to lateral deviations separately 


for day and night {11.4}. 


It is experinentally establish/installed that if we conduct 
direction finding at two points, equally removed from caiio 
transmitter and which are located at a distance to 80-10) km one from 
another, then the lateral deviatious of bearings at these points 
approximately coincide, i.e., the coefficient of the corcelation of 


the slow oscillations of bearings is close to unity. 
Page 311. 


Thus, the conditions of the reflection of raiio waves from the 
ionosphere at the pcints, spread on 40-50 km, are approxisatsly 
identical. With aa increase in the distance between tha raflecting 


points, the coafficient of the correlation of slow oscillations 


falls, 
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With the distance of mirror points approximately by 100 km 
(between cadio direction finders distance approximately 209 km) the 


correlation coefficient between slow oscillations is already close to 


0, coincide well only statistical characteristics of the 


oscillations. 


Simultanesusly with the oscillations of bearings with period 
1-30 min are observed changes in the bearings with much more 
prolonged period. The nature of these oscillations is not completely 
establish/installed. Is observed the difference of average diurnal 
bearings of relatively average bearings for long time. [here are 
seasonal variations of average bearings. These changes in the 
bearings are not axplained by the effect of near environnant, since 
the introduction 9f corrections on the local oscillator does not 


eliminate then. 


Reason, appacently, consists in change in time of tha 
characteristics 9£ soil and parameters of the environment with the 


antenna of systen. 


Since so on nultiple-pronged radiowave propagation saallest 
lateral deviation has the wave, which underwent one reflection, was 


proposed the method of a decrease in the lateral deviations with the 


reception of telajraph signals by the isolation/liberation of wave 
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with one reflection. 
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Figures 6.19 depicts the echo telegraph signal in the presence 
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Fig. 6.18. Dependance of errors due to lateral deviation fros 


distance. 


Key: (1). Square of mean square error, deg?. (2). Night. (3). Day. 


(4). Distance, kn. 
Page 312. 


For convenience ia the image, component signals are shown one under 
another. The resulting signal can be equal or to sum (solid line), or 
difference in the components (dotted line). In radio Jirastion finder 
it is possible to have such equipment/device which would 
open/disclose receiver from each beginning of telegraph signal to the 


time, corresponding to presence one of first reflection. [hen all 
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other echo signals are excluded and bearing must have the smallest 


@errore 


For this, realization they utilize following. Between the first 


aad second reflections from layer F, must be the difference in tine, 


‘required for the passage of path, of apfroximately equal to two ie 


height/altitudes reflecting layer. Consilering that height/altitude : 
of layer 300 ke, the time between first and following reflections 
must be on the orier of 2 ms, Into radio direction finier is inserted 
special equipment/device with the aid of which they opana/iisclose its 
only to 2 ms fron the beginning of each telegraph sign, and thus is 
realized direction finding on the first reflection. In two2-channel 
automatic direction finder without the acceptance of spacial neasures 
on tube face, are obtained separately tha bearings, which correspond 
to the first reflaction and cumulative effect of all reflections. 

For the Larjar duration ot premise/impulses, image bcightness of 
the first reflection is much less than total signal, which impedes 
reading on the first reflection. 

Usually for the direction finding of radio stations, it is 
abstract/removed time less than it is necessary for tha averaging of 


the siow oscillations of bearings. Therefore, it is not represented 


to possibility of decreasing the error due to the slow oscillations 
of bearings by means of the averaging of readings. 
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signal. 


Key: (1). First caflection. (2). Second reflection. (3). Resulting 


signal. 
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A decreasa in the lateral deviations it is not possibdla to also 
achieve by the simultaneous direction finding one and tha same of 
radio station on two diverse radio direction finders and by the 
calculation of averaye bearing, since the coefficient of the 
correlations of Lateral deviations at two points at a distance to 100 


km is close to unity. 


In radio diraction finders with the larger separation of 


antennas Juring the multiple-pronged propagation of error due to 
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lateral] deviations, js less than in cosinusoidal systems, because of re 
three-dimensional/space selectivity and the preferred reception of 
mote intense wave with cne reflection, when lateral deviations have 


smaller values. 
6.5. Radia interference of skip band. Ve 


Radio wavas can simultaneously be reflected from lay2rs Ee Fy, 
Po, after undergoing reflection one, two and more once. With 
reflection from any layer due to the local heterogeneities of layer 
("roughness") occurs the partial scattering of radio wavas. 
Furthermore, with reflection is observed magnetoionic 
splitting/fission into usual and extraordinary waves. It is concealed 
by shape, the orianted signal can consist of the large number of 
component ray/beaas, which interfere between themselvas, noreover 
each of the retlaested beams is usually accompanied by the beam (cone) 


of scattered waves. 


In the examination of the passage of the wave through the 
jonized layer, it is assumed that the ionization of layer in vertical 


and horizontal directions changes independently according to normal 


law, moreover reflection affects the local heterogeneity of layer in 
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; range with the size/dimensions of sides approximately 1 = 500 a. 


On output from layer, the power of the incident wave (after 


losses in layer) is distributed between the correctly reflected bean 


and the beam of ssattered vaves. The relation of the power of 


fundamental -ray/baam and the total power of the beam of scattered 


waves [6.15] 


—e2 * 
a 
l—e 


where vo -— the dispersion of equivalent phase displacanent as a 
Tesult of the passage through the layer, which depends on the 


characteristics of layer and frequency. 


Page 314, 


At low values 4%, < 0.5 rad 


eae 
™ @x 


Experiment showed that at frequency 5 MHz g = 2.5 and 9, = 0.3 rad. 


The angular iistribution of power in the beam of scattered waves 


has the dispersion 


-@\ 
2ntat\ | —e ) 


gg ——__ 





with small 4,2. 
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and power in bean has the normal law of distribution. 


The coefficient of the correlation of the angular spectrus aa 


two antennas at a distance 2b is designed ‘fron the foraula 


Ms [a | 
6 R (26) ==-——| e * —1} 


a 





t-—e 


When @,, smaller than 0.5 rad, 
-(?) 
R(2b)==e \9/, 


Ehe coot mean square value of a supplementary phase difference 


. at these two points is determined from ®, and B8(2b): 

v= O,V TR) = Vi — RO) 

and the root-mean-square deviation of bearing ‘%, caused by 

scattering ray/beam with the reflection which is determinad from 

condition 4rb/vA sin o.=¥,, will be 

‘ °0% Te mw ~The fis Vi-e GF tr). 
With small 2b/a 

0 ies 
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Calculations show that scattering radio waves is determinad mainly by 


dayer E, even when ceflection originates from layer F. 


Since to diraction finder can come several ray/baams, which 


-underwent single and multiple reflections, due to the interference of 


these ray/beams are observed the oscillations of bearings within 
large limits, Por example, when the radio direction finder are 
approached simultaneously two ray/beams of approximately identical 
intensity and tha angle between them is very small, but a phase 
difference is close to 180°, is obtained the deviation 9£ bearing to 
£ 90°. In Fig. €.20 OA = the fundamental reflected baam, which is 
propagated along arc of the great circle; 0B is the second 
supplemantary cay/beam, which forms small angle 6 with 3A. The 
strength of the magnetic field of the second ray/beam H, has a phase 
differenca relative to the magnetic intensity of the fundamental 
ray/beam 4,4, close to 180°. The resulting magnetic field Hpea 
corresponds to dicection of propagation OC. This direction is 
displaced with raspect to the fundamental ray/beam OA in angle y, 


close to 90°. 


A phase difference hetween the interfering ray/b2aas can take 


any values, and the displacement of the resulting direction will vary 
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within the range 9f 0 to + 90°, 


The height /altitude and the characteristics of izsaasphere 
layers, which affacts reflection and scattering cadio wave, rapidly 
change with period from fractions of a sacond to five ani gore | 
seconds. The periad of rapid oscillations increases with 1 decrease 


in the frequency and in night hours. 


With the same period occurs a chang2 in amplitude ani phase of 


component waves, and also of amplitude and direction of the resulting — 


field. Simultaneously changes its polarization. Appear the rapid 
oscillations of b2arings due to the phenomenon of interf2rence and 


alternating/variable polarization oi the field reflectadi, which reach 


to + 90°, 
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Fig. 6.20. Onset of large error due to two-beam interference. 


Page 316. 


In the presaice of radio interference, change the 
size/dimensions and the form of the image of bearings 2n the screen 
of the cathode-ray tube of two-channel radio direction finder - fron 


linear the bearing becomes elliptical and even circular. 


Let us examine, as they change in the presence of two-bean 
interference bearing error, the length of image, i.@e, th@ length of 
the transverse, and the ratio of small and transverses »9f image on 


Cathode-ray tube. 


In accordanc2 with formulas (5.11) and (5.10) for a cadio 


direction finder with cosinusoidal directional characteristic for a 


bearing error A we have the expression 
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__ _ktsin® 2p +2ksingscose  , 
tg 2a = (aklcas ti, 4 Secures . 

the length of the transverse of image it will be 


B = y/ cost + k? cos%(p, 4 A) + 2k cos Acos (} + A) cos #3 


the ratio of the axes of ellipse is detersined from the Formula 





A _Vsint OP kT slit (hy FO) + 2a sin Sain (G+ A) cosy | 


B  ¥ costa + kK? cos! ($e 4) + 2k cos A cos (y+ 4) COS F 





bor a special case of two-beam interference at tha angle between 
them % = 10° ani in the relation of strength for ray/beams k = 0.9 
are designed the dependences of the bearing error 4, of tne length of 
the transverse of image B and the ratio of axes A/B on 3a phase 


difference 6 between the strengths of the field of ray/beams. 
Results are cepresented in Fig. 6.21a. 


From the cucves of Fiy. 6.21a, it is evident, that at the 


maximum length of the transverse of image (B = 1) and the mininun 


value of ratio A/B (it corresponds to a phaSe differenc2 of the 


interferiig cay/baams ¢ = 0) beuring error bat, Error and the 


ratio of the axes of ellipse are little affected until ths length of 


image becomes less than 25-300/o of the maximum and A/B > 30-400/0. 
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Fige 6.21. The interference errors of radio direction finier with two 
; tay/beam: a - depandance of B, A/B, A on a phase difference with 
i 


cosinusoidal diagram (k = 0.9; w = 109%) 


oo 


b - the dependance ‘9 on 
the separation of antennas for a system with the cyclic measurement 


of phase. 
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Key: (1). Lower Limit. (2). Average value. (3). The upper limit. 
(a). Cosinusoidal system. (4). Large-bkase system. (b). Cosinusoidal 
system. (5). Lawac limit. (6). Average value. (7). The upper limit. 


(c). Cosinusoidal system. 
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With even smaller size/dimensions of the major axis. (ani the large 
ratios A/B) the arror can grow considerably. Therefore, if operator 
takes single reading with small image size and large ellipticity, he 


can op‘ain large arror. 


In Table 6.2 are desiyned the bearing errors, calculated along 
the transverse of image on the cathode-ray tube of two-channel radio 


direction finder in the presence of two-beam interferences, 


Tre capid oscillations of rearing due to interference can he 
averaged for tine of direction finding by means of the taking of 
several raadings and calculation of average hearing. Sinze all the 
values vf a phace difference @ from 0 to 2m are equiprobable, if we 
take the particular readings through equal time intervals, without 
considering chanjg2a in the signal amplitude and the ellipticity of 


image, the error of the averaged bearing it is determined by its 


arithmetic mean value without taking into account of sign Acp: 
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it ! k2 sin® 24, + 2k sin ve cos ¢ 
ors n “ e 
boy Aa-9, ( [s ate Sr ia cos Dy Fh COS Gy COB G | dy. 
9 


L 


@ntegral determination in the general case difficultly. At the 
low values of the errors when A gy k sin ¥ cos @, integration gives 
wero value for acithmetic mean error, i.e., 


2s 
Bong ( ksin}, cos p=0. 
ar) 


Table 6.2. Bearing errors with ¢ = 0 and ¢ = w for tha different 


values of k and %- 


annie Donenemes & <7 semmemeceeemmeee! 
Oumn6na 9 rpaaycax 














k ek v NipM anadeniunx 
| Leno [ves 
1 
0,9 j 0.6 9,4 
| 3 1,3 — FI 
5 2,3 —43,3 
10 4,8 —55,3 
0,5 | 0,3 =] 
3 ! 3 
§ 1,7 —4 
10 3,3 —10 


Key: (1) deg. (2). Error in degrees at values. 
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Fig. 6.22. "ha davendence of the correlation of errors on the tine 
between the obs#ivation; o00 - experimental dataz;-—— - calculated 


curves. 


Key: (1). Correlation coefficient R(T). (2). Experimental data. (3) 


Se (4). Intervals between readings, Ss. 
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Numerical iategration error function (Fig. 6.214) shows that hy 


means of the avecaginy of bearing it is possible to obtain an error 





mo 
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less than with # = 0. However, if one considers that virtually it is 


possible to take ceadings during amplitude reduction of signal only 


to 4-5 times relatively maximum, then a decrease in tha 2acrror not 


very greatly in comparison with reading with # = 0. 


Does arise question, as frequently one should take the readings 


of bearing, as does affect the averaging time for mean error and of 


which decrease in the rapid oscillations cf bearing it is possible to 


achieve virtually? 


Figuces 6.22 gives two obtained experimentally tha curves of the 
dependences of the coefficient of the correlation of readings R(T) on 
time interval T between readings [6.14]. The theoretical lependencea 


R(T) on T takes the form 
ak 
R(T)=e ™, 


moreover from th2 curves of Fig. 6.22 it follows that Ty = 0.3-1 s. 
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the curves of Fig. 6.22 show that if the time interval among 
readings is more than 1-2 s, then the coefficient of the correlation 


of adjacent readiigs is close to zero, readings become iniependent 


variables. 
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The soefficiant of the correlation of rapid oscillations on the 
Cadio direction finders, spread nore than on 200-400 wm, it is close 





to zero. Therefore the averaging of rapid oscillations is possible 





also by the calculation of the average value of the bearings, 


SS aS 
1 


undertaken simultaneously on several radio direction finjars, spread 





sg for distance larger 200-400 nm. —~¥ 
fom ee = 
" The effect of averaging time for the dispersion of tae rapid a 
oscillations of b2arings is represented in Fig. 6.23. Averaging was 
realized automatically, i.e., readings ware taken aftec avery 0.08 s. 
For averaging tine 10 s (125 readings) the dispersion jesreases 4 % 
: times (Jecrease ia the root-mean-square deviation 2 times), a E 
f decrease in the jispersion 10 times is achieved at the averaging of 2 


the readings, undertaken approximately after 40 s [ 8.32). 3 
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: Pig. 6.23. Effect of averaging time for the dispersion of the rapid q 
oscillations of bearings. _ 
Key: (1). Dispersion of average from the p of readings. (2). 

Experimental baths. (3). Average dependence. (4). Time of @ 
observations, Se (5)-e nN - number of the readings, undertaken with a 

interval 9.08 s. (6). Dispersion of Single reading. a 
U a 
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Fig. 6.24. The dependence of the root~mean-square deviation of 
bearings from the distance: 1 - single readings; 2 - averaged 


Teadings; x and 5 - experimental data, 
(1). Errors, deg. (2). Distance from radio direction findar, nile. 
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Processing the results of the direction finding of radio 
stations with ranges 1000-5000 km on goniometric spaced-antenna 
direction finder showed that the dispersion of single readings in 
daytime hours has average value of 10 dey#. It can be jlacceased 10° 
times, i.e., it is led to 1 dey? by means the averaging of readings 
during 5 min (10-12 readings at intervals 20-30 s). Dispersion on the 


order of 1 dey# have average for 1-2 hours hearings ani the average 
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diurnal bearings 2f relatively mean for the wide interval time, 
Therefore an incraase in the averaging time of bearings is greater 
than that that is required for a decrease in the dispersion 10 times, 


iee., to 1 deg?, it is inexpedient. At the same tine, with taking 


fore frequent than after 20-30 s of the readings of this iecrease in - 


“the dispersion (1) times) it is possible to achieve with ilirection 


finding during 30-40 s (Fig. 6.23). 


Thus, under conditions of the normal passage of cadi> waves in 


daytime hours it is expedient to average bearing during 39-40 s. 


In night hours and in the low-frequency part of the range of tha 
Short waves when the period of rapid oscillations increases, time of 


direction finding is expedient as far as possible to incr2ase. 


Figures 6.24 depicts the obtained on goniometric radio direction 
finder dependence on the distance of the average gquadratis 
oscillations of the single readings of bearing relative t> average 
values for 10 min. In this same figure are yiven average quadratic 
oscillations of baarings, automatically averaged after 41 s (16 


readings at intervals hetween readings 2.56 s). 
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He i----- ~---- Ags a result of. the averaging of fluctuation, they decrease from two 
to four times (on the average 3.3 times). Figures 6.24 shows that the 

 pininun spreads »£ bearings are observed at a distance 1530-4000 kn. 


With a decsreasa in the distance, they increase faster than with an 





increase. 


During applicsation/use in radio direction finder by the antenna 





of system with acute/sharp directional characteristic due toa the 
manifestation of the three-dimensional/space selectivity af the 


fluctuation of bearings from radio interference have the smaller 





values than in as an antenna to system with cosinusoiial 


characteristic. BE 


We give the following comparative results of the saparate series a 
of observations on goniometric radio direction finder ani on radio 
ae direction finder with acute/sharp characteristic direction [6.16 }. a 


1 Dispersion of readings due to the rapid fluctuations 9f tie bearings: 


1) layer Fy, frequency 11 MHz, in the daytime: a 
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- on goniomatric radio direction finder 1.6 deg?; 


~ on radid jirection finder with acute/sharp direstional 


characteristic 0.17 deg23 


2) frequency 5S MHz, at. night: 





-~ on goniomatric direction finder 18.2 deg2; 





- on radio direction finder with acute/sharp directional 


i characteristic 1.4 deg?. 


et 


With twofold reflection the tapid fluctuations of baarings 


ST TS TT DET OT Le EE CE TE ee 
: . Et ae 


nn aes 


grow/rise. The value of rapid fluctuations depends on the character 


ee Ss T. 


of soil at mirror point from the earth/ground. It is 2xperimentally 


establish/install2d that the smaller fluctuations are obsarved, when 


ee 


after the first raflection from the ionosphere wave falls on sea 
er surface, but not when it falls to the earth. This is axplained to the 
H ; facts that the coafficient of scattering radio waves with reflection 


from sea surface is less than from the earth/ground. 


bie gaia aes: ak tala eA, alban 


Let us designate the dispersion of the rapid fluctuations of 
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it does not increase, will be 
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bearings with single reflection from the ionosphere by ‘<. The 


dispersion of the rapid fluctuations of bearings after thas second 


reflection from tae ionosphere, if after the first wave reflection 


falls on sea surface and angular scattering with reflection from sea 


At __ 9 C0828, WF 
a ater» 61 


where 6, and 5, ate angles of incidence in the wave on iOnoSpheric 


layer with tha first and second reflections. 
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Factor cos?6,/cos26, considers that the bearing error is 


proportional sec 6. 


If after the first reflection from layer wave falls to the 
earth, than, by considering the coefficients of reflection from the 
ionosphere and the earth/ground approximately identical, we will 
ok tain 


costé, zs 


Az. =: 
Ben 3 oarg. As. 


At frequencias, greater than MPCh t= Maxinua usable 


frequency}, whan the ionization of layer is insufficient for the 


normal reflection of radio waves, can occur reflections from the 
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Fe : 
ai he 
a 3 
st individual movad in layer heterogeneities with large ionization or 3 
Fi from areas of the ionosphere from the required for reflastion given a 
rf frequency hy ionization, that are found aside from other great circle 2 
r- “transmitter - dicection finder", In such cases are obsarved large 3 
rel : : fe 

aa 


ie 
1 
ad. 


alternating/variable errors due to large lateral diverganses. 


RE ore 5 
| 
ag te ead 


si 

yi é Identical lacge errors with the same radio station can ba 

eto : Pans > 
F observed on several radio direction finders, spread up t> large 

fe! 

n distance fto dozens kilometers) « 

\ 


Susc2aptibility by the antenna of the system of cadio direction 
finder to interference errors is conveniantly characterized by the 
mean square erroc %+ which is obtained with let us accept two 
coherent plane elactromagnetic waves (main and supplanantary), when a 
“ phase difference # of the strengths of the field of thas2 waves in 
center with the antenna of the system of radio direction finder 


varies from 0 to 2m. 
It is accepted that they remain constants: 


% + an angle in the horizontal plane between the diractions of the 


arrival of two waves; 


= 
bar. 
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Pa - angl2 in the vertical plane of the direction of saia wave; : 
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BS S88 
i E 
ra 
rl a 
eo . 
Bi : Be ~ angl2 in tha vertical plane of the direction of supplementary = 
| wave; E 
a: oe 2a: 
‘ k- - relatioa of the strengths of the field of supplsaaantary and 
: main waves (k<l). 
van 3 
Ri ee. 
e * =, 
e Page 324. Bs, 
7 at 
‘ If tne erroc Which is obtained relative to the direstion of the 2 
2 arrival of main wave under the indicated conditions ani with certain ES 
: phase difference 4, to designate hy aA, then 4 
. . 1 2s 
rs 2004 
. = = { Aide. 
o - 
“ We give the formulas of calculation o, for a cosinisoidal a 
system and systems with the cyclic measurement of phase in high 
; frequency. _ 
Mat Cosinusoiial systen. 
* 
Error A is datercmined by the formula (5.11), in which let us c. 
I “t oe r o 











Se ne ETRE Ee ne We Tt NER EO een oe Ta ee ee eee aera = 


ge aes 





DOC = 77223216 PAGE A 
¥ : : 
Ne replace k vith relation neon =r and p—%=%. We assume that : 

in view of smaliness A it is possible to count 4 


rd go, | teed 
A == sin’ 24 == 4 parm: 





Then 











Ae f i? or sin ty cus 9 + 
ee 2004 2 i (2r sin ¥, cos ¢ 
_ % ~ Sr (sin 2hd? = § ar + 2r cos by Say +r? cos 249)? + 
0 3 
a nae asia 2)* d a 
* ‘ + (27 sin $_ cos y + 77 sin 2,_)* ?. 3 
a - 

; 
a At low value 4, ° 

gee “Earda)t (r+ cus 9) 
. 4 =a lin (1 + 7 + 2r cos 9)* dy 
0 


Producing tha replacement of the variables tg(#/2) = x, after 


integration we will obtain for o, of (Cte (for %,.<6° the error 


of formula less than 60/0). 


For any values 4, the expression for a, will be Cv.i3]. 


2 Fi sint de (1 — 67 C08 2h) (6.5) 


% 2(1—r? cos 24, +7*) | = 
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Radio direction finder with the cyclic measurement of phase in high 


frequency. 


In §5.3 it is obtained expression (5.25) for a bearing error 


with the jirection finding of two ray/beans: 


t 


__ scosy 
tg Oo siny’ 


After the substitution of value for 4% from (5.24) we will 


obtain 
‘ | 2s8, sind 
tg4= 5 Gm = eT Ye)? (6.6) 
where 


8, = 5 bcos8,; 
i= + 6 cos By 


a=V # +8 — 28.8, cosy,: 
2 
s$==2 [ kcos 9/, (a) — cos ps, (2a)+.. zr 


From expression (6.6) are derived the approximation Formulas, 


which give upper and lower limits for 1 [6.13], so that 
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a Lower limit for a, 


¥ 728, sin be c i 
34 == :, (0.7) i, 


pete 3 5 . 5 . 
' [s+ @ | 8, —4é, cos ¥e) | ta 3, sin ws) i 
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moreover p is tackan so as to fulfill the inequality 
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If angles fy and 8, considerably are distinguishei aid y, is 


small, then it is possible to use the approximation foragtlas for s, 


and o,: 
ee ee A Tastings TO es “7 
iar amet i 
Pee V28, sind, T 
ehh ie? “he? af om cee ee aaa ; tne % see ea? 2 oy CA er ee re ee ane: 


b+ = 1@i:—8, cone)” 


With the lacye separation of antennas, when (2"*/A)b —» «*, 


formula (6.6)- (6.7) they are simplified: 
Dy rT 
Oy = Sy —= % = YE using a ’ (6.8) 


Focmula (6.8) it is possible to use with the sufficiant accuracy 


when 2b > 2h. 


The investigation of error 9% showed that it incceases with an 
increaSe 4% (to lefinite limits, it is analogous to the curves of 
Fig. 5#f). bLtcor also increases with approach/approxination to the 
equality of anglas 8, and Bg. Figures 6.21b depicts to the dependence 


of error 9 on tae separation of antennas for the following cases: 
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y= 5°44’, k= 0,9, 2, = 30°, B= 45°; 
¥= 19, k=0,9, B, = 30°, B, == 30°; 
95°44’, K==0,9, B,= 33°, fp, = 53°, 


----. Prom curves it is evident. that at low values: p -and-B,-.% Bg. .-- ---. 


with an increase in the separation of antennas the error 4% little 


me 


decreases. A notizseable decrease in the arror can be obtained with 





. the very large sa2paration of antennas 2b > (10-20)dA. 


oe 


With large an increase in the saparation up td (4-5) is led 


to noticeable decrease 9%. A further increase in the separation 


tle 


affects smaller; Eurthergwore, errors themselves becone smail. 


= 
=. 
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Virtually foc an effective decrease in the interferance errers, 


it is aexpadient t¢> increase separation to (4-5). 


The sonclusions, obtained for a system with the syslic 
measurement of praase in high frequency, are approximately valid also 
. for by the ante of the system of phas2 radio direction finder and 


Tadic diraction finder with acute/sharp directional charasteristic 
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with the identical separations of antennas of systems. 
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6.6. Special feature/peculiarities of direction finding on different 
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Wave bands and salection by the antenna of the system of cadio  - 
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Direction finding on very long and long waves (frequency is less than 


100 kHz). 


~~ 
Se 
~ 


Ne 
The characteristic features of propagation of very tay 
_ 


frequencias they are insignificant absorption in soil and ability 


md 


because of diffraction it is comparatively easy to go araund the 


earth/ground. At short distances from transmitter, smaller 300 kn, 





predominates ground waves The strength of field does ost jepend on 
time of days and year. Spatial waves have small relative to suppress 
Waves the strength of fields At these distances polarization normal E 
and in ralio direstion finders are applied frame antenna systems with ia 
rotatable loop oc with two motionless framework. Two iamoabdile 

¥ frameworks not always coaxial of symmetry - they can ba assembled so 
that are sontactad] their lateral sides. The noncoincidenca of the . 


phases of field on the axis of the symmetry of both Erasawork in a 
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these waves little and is not led to bearing errors. 
With an increase in the distance all more predominatas sky wave 
above the terrastcial. From the ionosphere the wave reflected can 
_ have, especially into night hours, an abnormally-polarized component _ 
of electric fieli. 
Of the framawork appear polarizational errors. 
According t2 experimental data at frequencies 16-20 kHz, 
polarizational errors reach values in daytime hours by the summers: 
. ~ at distancas 250-600 km approximately to 9°, 
~- at distancas 1000 km approximately to 6°, 
- at distancas 1500 aw approximately to 3°, 
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In the night are frequent the errors they grow/rise: 


at distances 200-400 km to 20°, 





ae ee RE See ee 





or with the phase reading of bearing [ 8. 26). 
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- at distans2s 1000 km to 10° (6.20). 


Is possible the application/use of systems with tha spaced 


vertical wire antennas according to U-shaped Giagras ath: SQnsone rer 


Direction finding on medium-frequency waves (frequency 192-1590 kHz). 


Absorption in soil on these waves is more than on Lldag, it 
increasing with a decrease in the ground conductivity an1 with an 
increase in the frequency. Terrestrial wave has vertical 
polarization, but its range decreases with an increase 9£ absorption 


in soil. 


The nost characteristic features from the ionosphere of the 


waves reflected: 


1. Negligible intensity in comparison with ground waves in 
daytime due to powerful absorption in layers £ and D, whereupon on 


shorter waves absorption grow/rises as a result of 


approach/approximation to the freyuency of gyromagnetis rasonance. 
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‘ On the high latitudes in the daytime hours of winter months, = 
4 Sometines there is sky wave, since losses unier thesa soniitions are 4 
7 small. | | a a 
as vi 2s Consilarcable intensity of these waves in dark time of days at a 
pee ~ “" “distances from dozen kilometers and more, which is explained by : 4 
Why powerful decrease in losses in ionosphere due to decrease in a 
[ electronic concentration and collision frequency. = 
: 3. At three jistances where there are sky waves, is »2bserved 4 
Ni fluctuation of intensity, which occurs due to interferenca of several 3 


tay/beams. The oscillatory period is from second to saver21 dozen 





minutes. . 


4, Polarization 3f those who were reflected wills elliptical or E, 


linear, that changes orientation in the course of time. 


In daytime hours on these waves, predominantly it is not ] 

é reflected from tha ionized layers of the atmosphere of 3 
. electromagnetic waves, but there is one terrestrial q 
normally-polariz2i wave. E. 


Page 329. F. 
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i Therefore is possible error-free direction finding by the radio 

ib - 
-) direction finiars, which apply frame antenna systems, ie 
Se a 
e ; 
BE However, somatimes can come in the daytime and from layer E 3 
Beit ste = 
ie reflected the wave of weak intensity. Dus to the effect 2f the = =~ ~~ a 
nee horizontal componant of the electric field of the wave reflected :. 
ay E 
£ : appear the daytime fluctuations of bearings. For this c2azon the y 
Ry average for day bearinys by one and the same radio station can a 
ais Bo» 


somewhat change from day to day. 


aw 
5 

e 

F 


4! : 
i i Figuces 6.25 depicts the average values of bearings for day to 4 ag 
: radio stations, designated a, bs Cc, de The fluctuations 9f averaye - 
= bearinys from day to night reach +1.5-2° Separate bearinys during a 
| day can have larz2 divergences. E 
‘4 In night hours due to the action of the intense waves reflected i 
. are observed the night effects (effect of a normally-polacized 4 
4 field). They most powerful are developed during 1-2 hours to rise and 2 
i. sunset ani during 1-+2 hours later rise and approach. In southern 3 
| latitudes powarful night effects are observed in the course of entire E 
| | hight. 3 


Night effects are manifested during the use of Frama antenna 


systems in tha following phenomena; 
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1) bearing does not remain constant, but it chanjas, "goes for a- 





walk"; 









yo" "* “9) “Gn radio direction finders with the reading of baaring on the 


minimum, sometimes do not succeed in obtaining the complete 





disappearance of audibility and changes the compe.sation for antenna... . 





effects; in two-ctaannel radio direction finders sometines the image 







of bearing on catiaode-ray tube takes the form of ellipse froa the 


changing orientation of major axis and with the alternating/variable 








relationship/ratio of axes; 


3) occur chaiages in signal strength, the intensity 9f signal 






drops to zero at times (fading). 
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\ Fig. 6.25. Daytiaa fluctuations of bearings on medium-fraquency 
L waves. F 
o 7 
L i : 
roe Key: (1). deg. 7 
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ti 3 
we Page 330. 4 
: : 
More powerful night effects are observed with the direction 4 
, finding of the radio transmitters whose antennas have larjye a 
‘ . horizontal part (for example, L-shaped), since this antenna emits tha 
\ horizontally polacized component of electric field. In terrestrial 


Wave this component rapidly attenuates; from the ioniz2i Layers of 


the atmosphere, it is reflected. 
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the different hours of days. 


pac = 77223216 PAGE 2” 


Gol 


On the basis of the available data on prolonged licastion 


finding by the ground-based and ship radio direction finiers of 


. different radio stations in the range of waves from 500 to 10000 m to 


it is possible to arrive at following 


conclusions [6.10, 1.10}. 


If transmission occurs above sea and there ane.ts errors due to 
coastal effects, then with loop antennas at distances t>9 110 km (60 
nautical miles) tae mean error of direction finding is approximately 
2° for tha daytin2 and for night observations. At a distance to 200 
km and during the propagation of the waves above sea of 900/0 
observations have an error not more than 2°, but maximum 2rror 


reaches approximately 4°, 


During radiowave propagation in dry land, the averaj2 diurnal 
accuracy 9f direction finding into 2° is obtained at a distance to 


40-100 km dapendiay on the wavelength, power of transmitter and 


character of soil. 


With tha dic2ction finding of aircraft by the framework from the 


earth/ground on the generally accepted for this purpose wave »’ = 900 


mM errors iue to aight effects for distances to 150 km it lie/rests 
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within the permissible limits. 





a If on shorter waves, on the order of 400-600 a, the fluctuations 
| of bearings in night hours reach to #909 then with the elongation of 
| eo wave -of the fluctuation of bearings decrease and 9a vave 10000 m 
eee do not exceed 30°. at large distances (more than. 2000. ka). night 
cal errors desrease. [The reason for this consists in the fact that the 

a | : 


wave reflected cogaes to directicn finder at very small angle to the 


emits evs 


RT ag yO 


horizon. In this tase,, aS Can be seen from (6.2), error with the 


~. 


direction finding of an abnormal-polarizad field falls. 


Page 331. 





po 


In mountainoas country the night effects begin to ba developed aan 


earlier than in plains, which is explained by mor2 rapid seakening of 


terrestrial wave. | 


If is placed the problem to carry out direction finling mainly 


into daytime hours or the 24-hour confident direction finding at By 
Small distances (t> 150-180 km on sea or to 40-50 km on dry Land), ‘= 


then it is possible to use frame radio direction finders. 


For tha diraztion finding, free froa polarizational errors, are 2g 


applied predominantly the goniometric systems with tha spaced 
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493 
antennas, assembled according to the diagram of U-shaped system or 


according to the iiagran of transformer system, and also phase radio 


direction finders. 


“Direction finding on short waves (1.5°30-MHzje---- - - - -- 


The conditions of the direction finding of short waves depend on 
distance of the oriented transmitter, the wavelength and upper-air 
conditions. For the varied conditions of direction finding, it is 
expedient to apply the different antenna systems of radio direction 


finders. 


At stort distances (to 20-250 km depending on the wavelength, 
power of transmitter and ground conductivity) the direction finder 
approacnes one terrestrial normally-polarized wave. Ercoc-free 
direction findinjy of short waves it is possible to carry out, 
applying any antenna systems (framework, the spaced anteisas, he 
diverse framework). It is mest expedient in these distances to apply 


frame antenna system. 


From the ioadsphere the wave reflected can appear e2ither at 


certain distance, after will virtually disappear terrestrial wave or 
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when terrastrial wave still it does not decrease so, so that it would 
be possible it not to consider. In the first case there is a dead 
spot, in the sacond case will appear the section where simultaneously 


there are terrestrial and reflected waves. 


The limits of dead spot for any wave depend on tine of days and 
year, on the power of transmitter and parameters of soil, The greater 
the ground conductivity, the further is propagated the terrestrial 


wave and is less dead spot. 
Page 332. 


In d2ad spot both reception/procedure and the direction finding 
are unreliable. There can exist only diffuse reflections with 
direction finding of which are obtained the inaccurate bearings of 
the changing value, any in no way is obtained bearing. f1 dead spot, 
all antenna syst2as are equally unreliable, since the Jlirection of 
the arrival of tha scattered ray/beams has usually no calation to 


real direction ia radio station. 


At those Jistances where there is terrestrial and sky wave and 
where sky wave composes only several percentages from tarcrestrial 


wave, and consequently, there are no polarizational errors, it is 


possible to utilize any system, includiny simplest - frcana. At large 
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distances, whare sky wave grow/rises, it is necessary to apply the 


antenna system, ftee from polarizational errors. 


When Selestiig by the antenna of system, free from polarization 
errors, oie shouljl proceed from the fact that at abrupt/steep angles 
of incidence (B > 60-659) the quality of the work of syst3m with the 
spaced antennas considerably deteriorates. This is explained to the 
facts that relationship/ratio becween tie vertical and horizontal 
components of ealactric field, proportional cos? §, decraases in 


comparison with propagation along the horizon/level: 


— nff?3 = 60° cos? 3 = 0,25 (yxymufietie B 4 pasa), 
—npu 3== 80° cos*B=-0,03 (yxyamcnie Gonee vem 
(> g 30 paa), 


Key: (1). with. (2). deterioration 4 times. (3). deterioration is 


more than 30 times. 


This daficianacy/lack, as we see that does not have any the 
system with the diverse framework, since the reception/procedure 
vertical componeat this system does not depend on fp, but the 
reception/procadut2 of the horizontal component of electric field is 
proportional to cos # As a result of this, the relatioasnip/scatio 
between voltaje/stresses from horizontal component and from vertical 


component elactris field decreases with an increase in the angle of 
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incideanca. Only waere the angle of incidence lie/rests within limits 
approximately 0-45°, one should apply system with the spaced 
antennas. This corresponds to distances from transmittar, to high 
approximately 400 kia. At the distances where this angl2 canges from 
45 to 60-65° (raazges 400-600 km), a syStem with the diverse framework 
has small advantajyes over the system with the spaced antennas and 
finally at angles of incidence 60-65° to 909 {range t> 4OO Km) must 


be appliel systen with the diverse framework. 
Page 333. 


Ona should anphasize that system with the diverse framework it 
is expedient to apply only in those distances where it nas explicit. 
advantayes on accuracy in comparison with system with the spaced 
antennas, since system with the diverse framework is 1233s sensitive 


and bulkier. 


From Fig. 6.26, which represents the dependence of distance from 
angle of incidence for reflections from layers E, Fy, ani Fa, it is 
possible to establish/install fur the specific conditions of 
propagation thos2 ranges at which it is 2xpedient to use ane or the 


other antenna system in the radio direction finders of short waves. 


The indicated in figure ranges are some average. 
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In night noucs the relationship/ratio between the vertical and 
horizontal components of electric field deteriorates in comparison 
with daytime houcs. Therefore, as a rule, at night polarizational 
errors appear more powerful than in the daytime, and also increase 


lateral divergences. 
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Fig. 6.26. Depeniance of angle of incidence on distance: 1 - diverse 


» 
t 


framework are muca better than Spaced antennas; 2 - diverse framework 





& : 
* are somewhat battar than spaced antennas; 3 - diverse framework and 


Separated antannaS have approximately identical accuracy. 


( 
f 
: 
\. 
a 
he 
f 
i 
t 
k 
I 
I 


Key: (1). Fran2 systems are not used. (2). Distance, kan. 


we 


“s P ge 334. 


At tae very Large distances, close to antipodes, the direction 


finding becomes impossible. On the system, free from pdlarizational 


Po mney 


errors which only ani it is possible to use here are observed the 





changing in time ceadings. This is explainea to the facts that from 


E the numarous enission/radiations, passed approximately equidistances 
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of direction finiar, most intense prove to be the elactroaagnatic 
vibrations, passed, although somewhat longer pati, corrasaonds to 


this direstion, waich is changed in the course of twenty-four hours. 


Since the vparating errors of radio direction finder to a 
considerable degree depend on the susceptibility of rajis direction 
finder to polarizational errors, the problem of a decreasa in the 
standard polarizational error is extremely urgent. Simultaneously 
with this stands the problem of a decrease in the errors iue to 
lateral divergencas and interference. For an increas? in the accuracy 
of direction finding where this is attained, one shoulji apply antenna 
system with tha large separation of antennas or utilize several 
diverse radio direction finders (2-3) for the direction finding of 
just one transmitter. Direction finders must be spreai up to the 
distance, yreater than 200-300 m, Furthecmore that in this way are 
averaged 2rrorcs with direction finding, it is possible acztording to 
the character of readinys on separate equipment/devicas aid by a 
differenc2 in the readings to judge the conditions of Jirection 
finding and the caliahility of bearings. It is very usaful to 
available in simultaneously working radio direction finiers different 
external systems - with the spaced antennas and the diverse 
framework. Thaoratically mean error must with this dircection-findiny 
method vary in proportion to a whece n - a number is 


Simultaneous of working identical radio direction finders. 
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Direction finding on ultra short waves (30-300 MHz). 


At taese fraguencies the direction finding is realized on 
terrestrial wave. The direction finding of utilized dol. of the radio 
communication of the scattered from the ionosphere andi tha 
troposphere waves is very difficult. The range of transaitter depends 
on the height/altitude of the antenna location of transmitter and 


receiver. 


Page 335. 


At the small heijat/altitudes of the location of the transmitting 
antenna, the strength of field from the vertical wira antanna is more 
than from horizontal, since the horizontal component of electric 
field rapidly atreanuates at the earth/ground; at the hija altitude ot 
the location of the transmitting antenna vice versa. Thus, at these 


frequencies are possible the waves of any polarization. 


Within the limits of the city where there are many structures, 


and also in Lcoken ground to receiving antenna, comes th2 resulting 
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field from the transmitting antenna and from the reflacstiag 

ob jectyssub jacts. Pherefore the direction of arrival and the 
polarization of wave can be connected with direction aaj dolarization 
of tha transmitting antenna. The inequalities of soil cause an 
increase in the absorption and a decrease in the transaission 
distance. At distances, large of directystraight visibility, is 


developed the effect of the troposphere. 


On ultra short waves are predominantly applied the radio 
direction finders with rotatable loop or rotary pair 2€ aatennas 
either gra2ater base cadio direction finders with Cup few Or 
line-source antenna by system from the spaced antennas. Sometimes in 
the rotary pair of antennas, is provided for the possibility of a 
change ir the oriantation of antenpas for tha reception/procedure of 


the field of vertical and horizontal polarization. 


In by an antanna to system with motionless antennas are utilized 
the following principles of the reading of the bearing: two-channel, 
phase «ich the cyslic measurement of phase in high frequancy, with 
scanning of acute/sharp directional characteristic, atc. when 
selectins by the antenna of system it is necessary to consider that 
with an increase in the separation of antennas decreases the 
influencs of anvironment, which very is substantial for the radio 


direction finders, wotking on ultru short waves. 
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Chapter 7. 
CALCULATIIN OF ANTENNA SYSTEMS OF RADIO DIRECTION FINDERS. 
Tai. Praliminary sonsiderations,. 


Page 336. 


Tha “undanaatal charactecistics of tadis direction finder are 


its accuracy and sensitivity. 


Accutcacy is jietermined by the averaje vuadratic (9r avarage 
arithmetic) value of the random angular error of radio iicestion 
finder. Tae conposients of the random angular operating error of radio 
direction finder are examined in §§2.4, 4.14.12, 5.3, 6.1-6.5 and 
11.1. In the dasign of vadio direction finder, after ac2 selested the 
principle of dicestion finding, the method of the realiay of bearing 


and the uSed antaina system, is designed or is rata/2stimate2d each 
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component error aid is determined the total random error af radio 


¥. 


direction finder. 


eae 


The sensitivity of radio direction finder is measarai by the 

.. strength of field, which is required for providing ta2@ assigned 

: subjective arcor of the reading of bearing. last/latter it causes the 
required for the reading of bearing sense of the voltage/stresses of 
signai ani noise on the input Of raceiving indicator. [145, 

‘ sensitivity - this is that minimum strength of field with which is 
obtained the aacassacy sense of the voltage/stresses of signal and 


noise on the input of receiving indicator. 


As it is shoan int» €2.5, the sensitivity of cali lirection 
finder is improv2i with a decrease in tha factor of nois2 N of tha 
input part of cezs2@ption indicator, a decrease in its passozand and 
with growth ia the product Dn, whare D is a dicrastive jain of 


antenna, y— the 2fficiency of antenna feeder circuit. 


Page 337. 


After raplaciny D by itS expression {see §2.5) and aftac sonsidering 
that 1 =NaNa, wahece Na— radiation efficiency, Yw—- the 


efficiency of the feeder, which connects antenna wit: tn2 input of 


receliviny indicator, let us explain that for an improvanent in thea 
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sensitivity it is necessary to increase the parameter by the antenna 


of the syster 
Baz We 


where H, and R,— effective height and effective resistance by the 


antenraa of systen.. 


With the auditory method of the reading of bearing on the 
minimum for an iaorovement in the sensitivity, it is necessary to 
also attain an increase in the slope/transconductanc32 of the 
differential characteristic of directivity at zero. An increase in 
this Slopa/transconductance is required also with othec nathods of 


reading (Sum-and-iifference, with modulation on input, etc.). 


Factor of noise N depends on the transmission gain from antenna 
on the input of caception indicator. Taking into account the small 
difference of the optimum factor of nois? and noise fasto> with the 
aaxinun transaissLon gain of input circuits of receiving indicator, 
initial calculation of input circuit we produce, on th2 basis of the 
condition of obtaining the maximum of the transmission of 
voltage/stress ($}7.3-7.10). Subsequently noise fastor, it can he 


checked and the corresponding values are corrected (§ 7.2). 


Duriig the salculation of input device, it is nasassiry to also 


Doc = 77223217 PAGE Ar” 


G'S 


consider the coniltions of the tuning of input circuits of receiving 
indicator. In tho majority of contemporary receivers, tie tuning of 
input ciccuits iz united with the tuning of all remainiay circuits of 
receiver. Therefore the detuning of the first duct of receiver under 
the effect of antanna coupling system must not be graat, #hich limits 
the oermissibla sommunication/connection of input circuit with 


antenna systen. 


Por an increase in the parameter by the antenna 9£ syster #8, it 


H? 
is necessary to obtain a maximally possible value for Re and for %& 
? ‘ 
Maxiawa R- taey reach by the appropriate selectioa 9 


size/limansions aid constructions of separate antennas ani by entire 
antenna of system (by the appropriate selection of tha turn number of 
the framework, by the correct selection of diameter ani 
height/altitudes »f separate vibrators and constructida sade of 
groundings, by t22 selection se wepacaeden and numbers of antennas of 


system, etc.)e. 
Page 338. 


The efficiency of feeder np» will be the greater, the aaarer to one 
KBV of fe2der. Equality KBV = 1 corresponds to the condition of the 
matched load, when load impedance is equal to the wave inoedance of 


feeder. It should be noted that when KBV = 1 considerably is 
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facilitatad the dasign of the input part of the receiving’ indicator, 
since in this casa it is easy to compensate for reaction by the 
&ucanna of systea to inclined input circuit and to obtaii the optimua 
walue of nois2 fastor on all working frequency band. In $4.12 shown, 
that when KBV = 1, the possible dissimilarity of the pacaseters of 
high-frequency cables is led to minimum instrument ecrocs. Is 
explained this t> the facts that when KBV = 1 there are 42 reSonances 
in antenna feaier system and the dissimilarity of cell/el2ments and 


the possible asymaetry of antennas is not created larcy2 2crors. 


Thus, are obvious the positive qualities of the ajra2ment of the 
loads of the high-frequency cables, which connect antennas to 
receiving indicatsr, with the wave impedance of cable. This is 
especially expediant, when antenna system is arrange/Located at a 


great distance, ayual to several wavelengths. 


Ther2fora djusing the design of antenna feeder system, it is 
necessary to examine the possibility of the selection 3€ such 
‘construction of antennas during which is provided in all working 
freguency band antenna matching and feedar. For this, as is known, 
are anpliad larcga-diameter vertical wire antennas (with saall 
wa will use vactisal wire antennas with the thrown in sell /elements L 
and P (§3.1) and of the diagram of the compensation €or tae reactance 


of vibrators with the aid of the concentrated cell/eleaants or the 
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cuts of long lina and, etc. 


When it is not cepresented possible to achieve agreament by the 
selection of construction or antenna circuits, sometiaes between 
feeder ani load, sonnect the special adapters, serving for the 
transformation of the impedance of antenna into the affastive 
resistanca, equal to the wave impedance of feeder. Finally, if the 
switching on of the cell/velements of agraement is impossible or it is 


inexpesdient, is applied the mismatched antenna feeder system. 
Page 339. 


In this case it i3 jlesirable not to have resonances in system in 
working frequency band and to obtain KBV of feeders as cl >Se as 
possible to unity. Sometimes in antenna feeder system it is necessary 
to switch on supplementary effective resistance in ociar to decrease 


the manifastation of cesonances, if cannot be avoided them. — 


Proa that waich was presented it follows that acre possible three 
versions of the calculation of antenna faeder system aad the input 


device of the resziver of the radio direction finder: 


1. Direct coinecstion of feeders to the mismatched with feeders 


loads (antennas) and obtaining maximum attainable in tha working 
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frequency hand of the transmission factor and sensitivity. In this 
case, it 1S neces3ary to consider the effect of the reaction of the 
Tesistor/resistance of antenna feader system for the taning of input 
circuit; must be accepted measures to th2 Limitation of Lastrument 
errors iu2 to th2 possible dissimilarity of the cell/eleaants of 


syStem and asymmetry of separate antennas. Calculations ace given 


into §&7. 3~7. 8. 


2. Adplication/use of cell/elements ot agreamaent bateean antenna 
and feeder. Matcaing device is necessary to select, taking into 
account the law of change with the frequancy of load iapaiance. Td 
usually previously solve the question concerning the aivisability of 
applying the adapters of the agreement of loads is not caarasented 
possible. This quastion is solved as a result of the corresponding 


calculations. 


3. Sometines is possible impedance matching of intaiaa with 
feeder without adplication/use of supplementary cell/felenants. This 
corresponds to the use of wide-range vibrators (§3.1). T12 
advisability of making one or the other decision must b2 letercmined 


as a result of design. 


Je2. Coafficiant of the noise of input circuit. 
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Ie, 
Pi The majority of diagrams exanined balow of input cirsuits can he 
i given to the common equivalent diagram, presented in Fij. 7. 1. 

i 

tt 

. Let us designate: 
b y 

f Xa, Rxa— the jet/ceactive and effective resistanc2 of antanna 
r (sconverrali to tha input of receiver) ; 
‘ 


Ly, &, ace irduct ance and the effective resistans2 of coupling 


coil; 
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“Coe Lae Ro ate capacitance/capacity, the inductans2 ani the 


effective resistaice »f resonant circuit; 


R,— aoise lap resistance; 


K - the coupling coefficient of the coils of dust aai 


communization/coniection.e 
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s 
ve Let us find the resistor/resistances, introducel by primary 
», 
¥ circuit in secondary: 
- 1M 
». AX = — os (Xa Xj) =—at(XatX,), (71) 
i. Ms 
© aR=—S (Ra + R,) = 08 (Ra +R,), (7.2) 
at 
ie 
ei where 
‘ a er 
: 2S PR RP RI Xe oly n= KOU Ne | 
\ 
For reductis1 let us introduce the designations 
: Ly gy Kat X=, 


AKT B = P,. 


If one assua2s that the sole noise suurce is antenna resistance, 
then the square of the effective value of noise voltaja i1 secondary 


duct will be 


E* = Pyn'Ra, 


and the sguare of noise voltage on the tarminal/grippars »f the duct 


(ee Fis 1 Polt?Ra : | 





ma (X)8+ (Ry AR) WIE UX) + (Ry -F AR)? CE 
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Fig. 7.1. FEqguivalant diagram of input circuit. 
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If wa coasiizr the action of all noiSe Sources, then the square 
of complete noise voltage on the grid of the first tuba will be 


expressed by 





tan Pale FAR AR 
Yu= ((X")® + (Ra + 4R)3] 202 + PyRa (7.3) 


Henc2 we detarcmine noise factor: 


Ui, R,, R [(X')* + (R, + 4R)*] oC} 
= al+3+ab +k 


Vina 


(7.4) 


Let us examiie the case, when noise lamp resistance is very 


small, so that last/latter term in expression for a 1)is2 factor can 


be disreyaried, 
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we 
6 vy 
The factor of the noise of Budde then is equal to 


‘Ry 5 
N==1-+- Fy ane (7.5) 


From this expression it is evident that for a daccaase in the 
noise factor it is necessary, as far aS possible, to incraase n. This 
can he reached by an increase in the coupling coefficient K and by 
the appropriate s2lection of value L,. Hance it follows taat K must 
be selectad by as large, as this is possible structurally. As 
concerns tha industance of coupling coil, then with its increase 
change both numerator and the denominator of expression for n. 
Furthermore, duriag practical fulfillment simultaneously with loading 
in the coupling coil increases its effective resistans2. Usually it 
is possible to coisider that the coil Q of communication/zonnaction 


has constant valu2 Q;: 


Taking ints account these facts, we will find the most 
advantageous valu2 Ly. For this purvose, let us write the 


expanded/scarned axpression for n2: 


piece @K3L,L, 
TO gt eet Ty L, \3 
(X. + @L,)! +(Ra + "Ee 





let us Substitute it into formula (7.5): 


Li\? 
(Xa + ol,)* + (® ri a) 
N=1-4 ol, ae Q 


QR * Ra “eID TL, 
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Sweopind +.i3 expression, disregarding small tern {06,)/Q,)2 and 


banking tarms with identical degrees wly, we will obtain 


N= 1a (2(f+9:)+ 


(tw Xt Ra 
seb(14 Siete ME), as 


The nininum of noise factor is obtained, when 


“yy? . pp? wee 
(elim 7 oe VO 





where 
z= VRAR: Qh. 
fhe substitution of this value wL, = wLtons in (7.6) gives 


the minimum valua of factor of the noise 
ip ON Raat Ng dae Rie 
Numa, (Reta +e V SREB. (78) 


From last/latter formula it is evidant that the cousling 


coefficient must be undertaken maximum (this noted earli2c than). 


Furthecnorce, it i3 


necessary to ensure the maximum energy factor Q. 


id 
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of resonant circuit and quality 0, of coupling coil, altnough the 


latter affects tha value of noise factor considerably weaker than the 


energy tactor of cesonant circuit and coupling coeffisi2nt. 


If we by a designate the relation 


then noise 1.ctor can be represented in the forn 


= US Xe AN e571 1\\ 
N= 1+ xigy 12 (3 t+a)+eV ARES (at a= 
= Non + ie Ae EO eo, (7.9) 


Page 343. 
Last/latter formula makes it possible to rate/estimate the 
effect of a difference in the inductance of coupling coil from 


Optimum value on the value of noise factor. 


Let ui examine the application/use of the obtaiaad formulas to 


diffarernt typ2 antennas, by the differing character of reactance. 


1. Reactanc2 of antenna we have inductive charactac (.ramework). 


X,=ol,, 
yf (ols) + R2Q1 
VRGTQ 


(oL our ore (7. 10) 
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Formula (7.19) shows that the inductance of coupling coil must 


be less than the inductance of the framework. 


Accoriing ts formula (7.8), disregarding value 1/), in 


comparison with ay = @,. we Will obtain for a miniaum factor of 
a 


the noise 
Nana RELLY ERE Trt) 


On Fig. 7.2, is represented the graph/diagram of the dependence 
KX, 


Nan on a 


foc the case when Q,=Q,. 


2. Raactanc2a Of antenna is equal to zeCtoe The optimiam inductance 


of coupling coil and minimum noise factor will be 


Ra 


(oL,)on: = =e | (7.12) 
Nu == 1+ ia V Set. (7.13) 
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ad 


3. Raactance of antenna hasS capacitive charactec. Disregarding 
the effective rasistance of antenna, we will obtain optiazun 


inductance of coupling coil fron 
(oL,)our = on V weta +0," (7.14) 


This expression determines the optimum tuniny of tha antenna 


(o* L iC ou = — V waeka + Q° (7.15) 
Minimum adis2 factor will be 


Nou == 1 222 [1 + yp Care eG |. (7.16) 


From expression (7.15) it is evident that the rasonanca 
frequency the antenna of circuit in this case must be higher than 


operating frequency. 


The obtained formulas make it possisle to calculate? the 
cellfelements of input circuit of receiving indicator, if is known 
antenna resistanc? at the input of receiving indicator a3] it is 
possible to disrajyari the noise resistor/resistance of input time, 
Since antanna resistance does not remain conStant over a wide ranye 


of frequencies, tae formulas of present parajraph can b? rpplied only 


for the calculation of the cell/elements of input with narrow 





1 é 
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2 
frequency bani «12n antenna resistance can us considered sonstant, 
and also for a comparison at the various frequencies 9f tie operating 
range of minimum coerficient of noise with coefficient of noise, 
obtained as a result of tne calculations, given in tn2 suasequent 
paragraphs. Thesa calculations are carried out on the basis of the 


requirement for oataininy the maximum transmission fastorc of input 


circuit. 
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Fig. 7.2. Factor of the noise of frame direction finder. 


Key: (1). dB. 
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7e3. Calculation of the effectiveness of spiral Loop. 





Simplest diagram of the framework is shown in Fij. 7. 3. 


The framework, which has the operating inductanca L, and 
effective resistaace Ko, is tuncd with the aid of condaas2r/capacitor 


Ce If we, Jasignate emf, induced within the framework, ay E, than 
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G24 
with resonance, when 


{ 
wl, = =n, 


current /ie in tha duct of the framework is equal to 


E 
fypea = Pp 


R,° 
Vcltage or condenser/capacitor, supplied to the gril of the 
first tuha, will be 


a Tyen_ a: 7-417 
Ue 101 = GO OCR, (7.17) 


Ratio t/wCRg = who/Rg = Q is the quality of the fram2work. Thus, 
for the tcansmission jain the simple spital loop we will abtain 
Vey 
kg = Q. (7.18) 
The effectivenass of spiral loop, i.ee., the ratio of jgrii voltage of 


the first tub2 Urepr to the strength of field E will be 


ge Ute Qa MEQ a, (7.19) 


where S is an ar3a of the framework, m?3 


AX + wavelength, mn; 


Ny-- turn number. 
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Fig. 7.3. Circuit diagram of spiral loop, 





. Page 340. 





In the balaazed network of the switching on of tha framework 


(Fige 7.4) on tha grid of tube falls only the half of the voltage, 


which is received on condenser/capacitor. Consequantly, 2ffecti eness 
ya =. 
will be 
__A.Q 
mae 





It saould not be supposed that the effectiveness 9f the balancoal] 
network is two times lower than asymmetric one. The fast is that Rg i 
in the given abov2 formulas one Should understand as effazstive 
resistance, equivalent to all losses in Eramework ani t12 connected E. 
with it circuits, including resistor/resistance, equivalent to losses 


jn the circuit of the grid of tube. With the balanced naté¢ork of the 


inclusion this conponent/term of resistor/resistance lacr2zases 4 
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. | , | | 

oh times, Which leads to an increase in the factor of ras daaice and, 

“a therefore, #ffectiveness. 4 
z E 
: If nacessary to overlap wide frequency band is possiaole the : 
i application/use o£ the subdivided framework. Transition from one I 
partial range on another is realized by switching on of tae larger or 3 
i Smaller tarn numbar of the framework. Th2 inoperativ2 {illLe) turns of 


the framework remain in this case extended o1 are closei short. A 
deficiency/lack in this method lies in the tact that the presence of 


dead turns can cauSe the asymmetry of the framework, taacefore, an 


ae 


increas2® in the antenna effect. Furthermore, the presenc2 cf dead 
turns leais to an increase in the attenuation, i.e., t> a fall in 


quality and effectiveness of the framework, 


Anotaier mathyd of the overlap of wide wave band consists of the 
application/use of diagrams of shorteniny (Fig. 7s4a) andi of the 
elongation of tha wave of the framework (Fig. 7.%b). In tae diagram 


of shortening in darallel to the framework is includei tha 


self-inductorc Ly. 
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Fig. 7.4. Diagramgs of the wave hand of the framework: a) shortening; 


b) elongation. 
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The resulting iniuctance therefore decreases and the framework is 
tuned to shorter waves Equivalent diagram for the calculation of 
effectiveness in the case of the shortening of the wave of the 
framework is shown in Fige 7o5- Let us dasignate impaiaas2 between 


points a and b (t> the right of them) by 2Zus: 


Ra fooln 
Zab = SL +OR,C : ° 


Voltage across capacitor U,, will be equal 


U = F ~~ Zab = 
a Zab + Re -i [ol, 


epee Rt Jk) eas 
“Rui —@iL,C)+R, (1--@1L CC) J o(Ly + L, +RyR,C—oL,L,C)' 
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mM 
| @33 
41 
y 
{ 
ri 7 
i Voltage acrd3s capacitor maximum, when the imaginary part of the 
fi denominator is turned into zero. Disregarding low valu2 RyRoC 
| : in comparison witi the others, resonance condition we will obtain in 
the form 
YY the 7 

E o= Teh, C = vt’ ( .20) 
s Lul, : . ry 

where Lo ei Ene inductance, which sonsists of taa 

u 


parallel-sonnecst3i inductance of the framework and shortening coil. 


Aftec supplying this condition in expression for U, and 
disregarding Ry, in comparison with wlLx in numeratoc, let us find 


voltage azross capacitor at the resonance: 


Us yea E—"4t— = EQ. (7.21) 
R, +4 Ru 
K 


In formula (7.221) Qf is an equivalent eneryy factor of dust. It is 
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obvious tnat Qf ace less than QO. 


The transmission yain of the framework is equal to 


—O=— eens 
=U =0—e = Fy, (7.22) 
+ TR, LiQs 


lo Re a 

wl be c Ue 
Rn 
8 


Fig. 7.5. Equivalant diagram of the framework with shoctening. 
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Effectiveness pp, is equal to 
Py=lteQ’. 


In tne case of the elongation of the wave of th2 framework (Fig. 
Je4b) can ba witaogut change uSed formula (7.18) of the transmission 
gain. One Should only consider that hearth Ry here is inptied the 


total resistance »f the framework and coil. Although the transmission 


gain is obtained nuch the same, as for circuit Fiy. 7.3, in this case 


asbOea oe VEL oe 
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effectiveness is obtained lower, since the turn number of the 
framework is taken smaller than this would ba possibly juring 
application/us2 91 the same wave of the diagram of adjustad framework 


Without elonygacion. 


Let usS rause at the question concerning the Salastion of the 
fundamental paran2aters of the framework - its diameter (oc side} and 
turn numbars. Fron the viewpoint of obtaining the greatest 
effectiveness to Favorably make the Linear dimensions 9f the 
framework larg2st possible. Therefore them one should seiect by as 
large, as this allow practical considerations - convaiianze in the 
arrangement/parmutation and rotation. With the assigned linear 
dimensions of the framework for a work on one fixed/r2soried wave, it 
is possible to fit most advantageous turn number. The axistence of 
optimum for a turn number is determined by the facts that the 
effective height of the framework with an increase i1 th? turn number 
grow/rises, and tie transmission gain beginning with certain turn 


Number uils as a result of a sharp incidence/drop in yaality [7.1]. 


Virtually al@eays problem of work with one framework in certain 
freguency hand. In that case the turn number of the frataworck is 
determinel by its inductance which is assigned by capacitance value 


of alternating/vaciable condenser/capacitor and by the salected 


@iaygran of input sircuit. It should be noted that the frawework and 


' 
wed | 


wade 
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especially the wices, which connect the franework with c22eiver, 
possess a comparatively great capacity. Because of this maximun 
capacitance of alternating/variable capacitor is requicad greater 


than for the oveclap of the same wave band in usual ducts. 

If nacessary to overlap wide frequency band when it is required 
to relate the framework of receivere expadient to use the diagram of 
inductive coupliay with the unadjusted framevork. 

Page 349. 
on the calculatis1 of this diagram, is reduced also the calculation 


of frame system fron yoniometere This calculations ace jiven into 


87.4. 


724. Caiculation of the effectiveness of the framework with inductive 


coupling. 


Unadjusted framework with inductive coupling. 


In tiis sas2 {Fig. 7.6), disregarding the effect: of the 
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self-capacsitance 2f the framework, its impedance we will obtain in 


the form 
4, == R, 4- R, “fb jw (Ly+ L,). 
Circuital current of the framework is equal to 
| er) ae 
Ry + Ri + jo (Ly + Ls) 


The introduced into secondary duct resistor/resistinse is equal 


or walt 
AZ, = J —= RR) Folly EL (Re + Ry) — 
— jw (Ly + L,)), 


where M is the mutual inductance of the iucts of the fraazwork and 


input (secondary): 
M=K f(,.+1L) EL, 


Total impedance of secondary circuit is equal 








i ity z othit(R, i R;) 
Z,= 2p AZ,=R, tie PR eb eLet 
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Fig. 7.6. Circuits of the switching on of the framework with 


inductive coupling. 
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In the presence of resonance the imaginary part of this 


expression is turied into zero: 


Oke LMT 
a wl, (Re R$ wily EL = 9 
Since Ro + %, usually is considerably less than a(Ly + Ly), in 
the denominator of last/latter term it is possible to. jisregard first 


term. Then we will obtain the approximate resonance condition 


We see that the effect of the core circuit, equivalaat to a 


decrease in the inductance of secondary, by value 


Ap — Ka _. Ke Lilea 
Lage 


4L, = Liga’ 
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where Lo,— the part of coil La, connested with Ly, 


M=K,V Lesl,. 


Since this scr1ange does not depend on frequency !, it easily can 
be compensated for corresponding increase in its own inductance of 


the secondary duct Lp. 


POOTNOTE !. This is correct only neglecting of the 
capacitance/capacity of the framework, ites, when oc<Anum. 


ENDFOOTNOTE. 


The resistor/resisvance of secondary circuit in tha presence of 


Fesonance is equal 


2's pea = Rat creep (Ro +R) = Rab 


a siden 
KG gige (Re +R). 


Ducing tha d2fivation of this formula, we also disragard member 


(Bg + Ry)? in comparison from w? (Log + iy) ?- 
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Let as deteraine now voltage across capacitor in th2 presence of 


the resonance; 


U. pes = — J grt aM (4, ar ) i, = 


eeGy ~ 24 pes ~~ Ee+ ky 
au, L A 
— ‘ a Le + Zi £y 
= Z's pea (Re +1) + Jo (Ly + Li) * 


Again, disrajyarding (Rp + Ry)? in comparison from a? (Lg + 5,) 2, 


we find the amplitude of voltage across capacitor: 


oM (: AR ) 

« 3 ~_7 aL, é 

ne ——— g,. (7.23) 
[% + (Le Ly)? (Re + Ro (Ly +1) 





U, pes 


We hance fini the transmission gain 


oA (1 _ Ain ) 

tT L4L 

t= -——> —— > | _ (7.24) 
[a+ eee Re +R] (Le + £1) 
We convert Last/latter formula. Introducing designation 8 


Ly/Lp and taking into account the equality . 
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we will obtain 
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where 6,, 6&3 *° circuit damping of the framework and input. 


i 


seldTig ebasenten 7m 


Differentiating this expression on 2 and equaliziaj zero for the 
target/purposea of the determination of maximum &, we obtain sompletea 
cubic equation ralatively a. Takiny into account that neac maximum 
value & varies little, tor simplification in the calculation 
adnissibly to fini optimum value a, after placing in the last/latter 


formula 
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It is really/actually 


Under these assuaptions 





Gout == 7 as (7,26) 


and 
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ka wane =" 99! / --——4 z K 
‘| a, +4KR4, i ha 


(= Kia + pa ag 


te Fee (7.27) 
23, + Ki. 3, ae = He 





On Figs 7.7, is given the graph/diagram of the iepanaience Ra anc 
on K, at the differant values of the ratio 6,//52 and when Ly—=L,. 
From curv2/graph it is evident that waite grow/rises almost 
proportionally K, to the values X,, approximately eyual to 0. 5-0.6. 


With a further intrease K, an increase in the 2ffectiveness occurs 


slowly. 


Let uS axami1re conSideratious by cavice of the paramatars of tha 
framework for the case of the unadjusted frimework. Fron Formula 
(7.27) it is evidant that Ra mane the unadjusted fram2vwork 


inversely proportional to square root of its inductance, 


Tt is conzealed by shape, the effectiveness of system is 


proportional to value 


2nSNy _| 


Page 353. 
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Consequently, the area of thc framework it is aivantageous to 


make laryast possible. 


When sSelectiag turn number N, One should consider that value Ly 


also depends on Np. This dependence takes the following form: 


L,=A+BNy,+CNi, 


where A, B and C - the coefficients, determined by siz2/iimensions 
and the forn of tae framework. 
Ny 


N F 
Valua PE oS at small turn number gro#/rises almost 
VY. A+ BN, +CN? 


proportionally WN,, and then with large NM, it approashes Limit 


ree ee ee 
lim (Fhe) = je 


A considerable increase NM, can lead to the fact that its own 
wave of system will render/show within working wave baal, as a result 
of which appears aonuniform effectiveness in range and th2 whole 
series of complications during the use of the framework i1 cadio 
direction finiar. Furthermore, in this case are not usei the derived 


above formulas (since we are disregarded Cy). 
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Fig. 7.7. Dependence famaxe On A, for a spiral loop «ita inductive 


communication/fcoarection. 


Page 354. 


Therefore they acr2 usually satisfied by achievement 90-950/o0 of 
limiting valu2 —.., limiting at the same time its own wave of the 


framework (taking into account the capacitance/capacity of lead 


wires) by value (3.5-C. 2) Anu 


The unadjust2d framework possesses somewhat smailar 
effectiveness thaa inclined. Ine loss in the application/ise of 


inductive coUpling the greater, the higher the quality of the 


framework. On the other hand, the application/use of inductive 
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ada AEE. 





cad coupling provides the large unifocmity of effectiveness Jauring band : 
| selection of wavas and therefore it gives favorable results with the 4 
Bl a 
ae very wide wave band, which requires the large number of switchings of * 
a 3 
x partial ranges. * 
4 | 4 
of a 
a a 
Ay “2 
z { Goniometric syst2a with the locked framework. a 
yi 5 
Effectiveness goniometric vf system of two mutually 
\ perpendicular franework is equal to the 2affectiveness of rotatable 
loop with the inductive coupling which has the same diagram of input ; 
as in goniometric system with the maximum communicationr/connection of ‘ 


the coils of goniometer. On the basis of this on the calzsulation of 
goniometric of system with the framework are used the formulas, 


derived for the calculation of the framework with inductive coupling. 


a 
3 
4 
‘ 


In the case df the work of yoniometric system in vacy wide 
frequency band, a-e applied the following methods of the cealization 
of switching partial frequency bands: complete switching df 
goniometers (oc taeir exchange) over partial ranges, switching the 
sections of search coil, application/use of diagrams of 2longation 


and shortening foe search coil and the application/use of 


intermediate untuned circuit. 
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Switsling gaiiasnaters over partial frequency bands is the best 
method £rem purely electrical point of view. However, this method is 
bulky and very coaplicates mounting. Switching the sections of search 
coil of yoniometer is applied very rarely, since it is extremely 
difficult to carcy out this switching during fulfilling 9€ all 
tequirements in tie relation to the symmetry of diagram and 


windingvcoil, in the absence of spurious coupling and saallness of 


octant error of goniometer. 


The usa of a circuit of elongation and shortening of search coil 


is nost widely used. 


Page 355. 


For the calculation of the circuit of elongation, are djicactly used 


formulas (7.25) aid (7.27) of present paragraph. 


Let us give the calculation of the diagram of shortaning, 
presented in Fig. 7.8a- In accordance with the already usad 
previously method Let us find equivalent emf and coupled impedance in 


the circuit of search coil: 


B= Barry le ere Ret Ri falle+ Li, 


i . Pee ry "7 . i 4 
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Let us desijiate the changed due to coupled impedancas 
parameters of search coil L's and R's. Then to fFucther 
calculation is subject diagram Fiy. 7.8b. It is complataly similar to 
the diagram of tha shortening of the framework. Por determining edge 
Stress and a resonance condition, we utilize formulas (7.20) and 


(7221), replacing in them only the designations: 











Ly M " 
Ue yoa= E, - z =: EY Bee eat » (7.28) 
Y walls Age Hegel 
R'n +f re Rx Rut ie Rx 
At L’ 
pen cece a (7.29 
Rn + “5 Ru 


In tiis fornula are known all values, with the exception Ly, 
since they are determined by the calculation of that ranja on which 
shorting is abseat. Thus, the calculation of the diagram 9f 
shortening is rediced to determination Lys then Ly, aid to the 


subsequant checking of effectiveness from formula (7.23). 


: . : bs of og me 
O 


@) +8 


Fig. 7.8. Diagran of yoniometer with shortening. 
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Diagcam wita intermediate untuned circuit (Fig. 7.9) it is 
expedient to use, if it is necessary to decrease the caastion of 
frame duct to tha tuned circuit. On effectiveness it can be favorable 
only With the very larye number of frequency ranges. For its 


calculation let us find emf, induced in intermediate siczuit; 


M VIjLs 
Viel Haka i 


Eny E 
The introducad into intermediate circuit resistoc/casistance in 
this case we jisr2yard, since it is not inclined, and therefore the 
effect of coupled impedance is small. Tha maximum of ant occurs when 
Laow=Lly and it is equal to 
Ky, Ta. 
Exy wane = E, > Le” 
To further salculation it is possible to use the focaulas 
(7224)- (7.27) o£ this paragraph, ceplacing in them Lo on Ly, The 


transmission jain of system is determined by the formula 
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Ky, \K,. fa 
Re Mate -— ee —_*, _ L arama 
d+ Kio T 28 + Kj 
1 Len > 
XV a (7.30) : 


i 
4 


The affectiv2ness of diagram with intermediate circuit is equal 
' to the effectiven2ss of the diagram without intermediate zircuit, 
multiplied by att In usual values K,,=0,5+ 0,7 this 


corresponis to a jiecrease in the effectiveness 2-4 tines, 


s 
PS seavte! bani dc s8AR. rete PRS danse bok edema albatcieSvibie dist da? 1s cst aitad anata eral e sates badd ath zakia te alle sy sekdl shaatbt embeds alli blah: i 
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Pige 7.9. Diagran of goniometer with unaijusted intercnaiiate circuit. 
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If loop antenna is referred from reteiver and is ca1x,ected with 
its input by Lony feeder {for example, with the aid of coaxial cable 
in ship radio direction finder), then in the given calculations 
instead of inductive reactance of framework wlg and of esf. Eh, will 
enter those who ware converted due to those who are givon below 
formulas (7.38)-(7.40) of resistor/resistance and emf of the 
framework. For a decrease in the manifestation of resonanzes 
sometimes at the and/lead of the feeder of receiver is connected 
supplementary effactive resistance in parallel to tha 1loai of feeder 


or consecutivaly witi it [713]. 
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745. Calsulation of effective height and input antenna resistance of 


system with a small separation of the vertical wire antenaas 


(cosinusoidal dicactional characteristic). 


The antenna system in question is either the rotary pair of 


antennas or n of notionless antennae arrange/located in the 


apex/vertexes of correct n-corner iron. 


\ 


Let us examine the possible ways of fulfilling funiarental 


requirements on tae calculation of 


by the antenna of system - 


obtaining minimum instrument errors and best sensitivity of radio 


direction finder. 

In §§4.5 and 4.8 is given the 
producei by the different types of 
value of arrors and diffuseness of 
is determined by the dissimilarity 


currents in separate vertical wire 


calculation of th2 arcors, 


asymmetry. It was shown, that the 
the minimum at diraction finding 
of amplitudes and phases of 


antennas, and also by the 


dissimilarity of the geometric dimensions of antennas and feeders. 


fhe small disagreamont of the parameters of separate anta2anas and 
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feeders neac the cesonance freyuency of antenna-feedar system 
produces the Shatp inequality of amplitudes and phases of currents 
and, therefore, larye errors and the diffuseness of tha nininun. 
Experiment shows that with the usual accuracy of the proiuction of 
antenna feeder system it is possible to ensure the accaptable level 
of errors, if th2 resonance frequencies of system differ from workers 
by 10-150/fo. Therefore resonance frequencies are selattei so that 
they would lie/rast beyond range and would differ by the indicated 


value from one of the extreme frequencies of the range. 
Page 358. 


Prom calculations it follows that the natural freguaacy w of 
antenna f2eder circuit is expedient to take lower than smallest 
frequencies of range Own Since in this case the effectivaness of 
radio direction finder changes in the range of frequencies less than 
when selecting tha natural frequency the circuit o, higher than 
greatest frequansy of range (mance This is evident from Fig. 7.10 in 
Which are constructed for certain special case two curves thea 
dependenc32s of th2 effectiveness of radio direction finder on the 
frequency when Ma < wun and a> Wmane: Vin tha first case the 


effectiveness chaages over range less. Furthermore, on short waves 


when selecting natural frequency by the antenna of circuit higher 


than frequencias of overating cange the inductance of the field coil 
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ae of goniomater can prove to he so insignificant that obtaining in the x 
Fi i: goniometer of uniform maqnetic field becomes difficultLy attained. In 4 
r this case, also bagins to he developed the magnetic distortion of a 
L yoniometer as a rasult of the effect of the wires, which sonnect : 
i field coils with feeders. a 
: q 
Ate 2 In wide-ranj2 radio direction finder sometimes it is necessary ES 
ia to retain the resonance frequencies of antenna feeder system within dl 
. the limits of the frequency band ppthe acts Girection finder. In 
7 this case special importance has the careful adjustment of system on 


the sections of the freguencies, close to resonance. 





In order to decrease the manifestation 2f aSymmetry iuring 


¢ 
approach/approxiaation to the resonance frequencies of antenna feeder 
system, one should as far as possible to lower wave anteaaia ¢ 
resistance, eithac introduce attenuation into feeders or select entry 
impedance of receiver, close to the wave impedance of feaier [7.7]. = 
Faclier war? obtained equivalent diagram (Fig. 3.33) and formula a 
a ae 


for the calculation of the current of search coil of jonidmeter 


(3-72). q 


eres 


ee : ~ .- -—e = = 
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Fig. 7.10. Effectiveness curves of radio direction finie2r.. 
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If search coil of goniometer enters in the inclined grid sircuit of 
the first tube of reception indicator and the capacitance/capacity of 
tuning is designated by C,, that for a grid voltage of the first ture 
we will obtain 


i 
Us pea =~ In Make oc.’ 


whence tha effectiveness of goniometric systam with 1 antanna2 will 


be 
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Ue Pes 


- : Po = E 


ott, VA 
| = Mod | ————_" Sa 
: . woe 


(7.31) 
eo (it. +20+754 Tale) 


where N = n/2 is a number of pairs of antennas; 
Ho - effective height vapors of diametrically opposite antennas; 


N F ‘ ‘ ‘ ‘ 
Lng = Lan - equivalent according to diagram inductaaste in antenna 


circuit; 
Ly is inductance of the field coil of goniometarc; 


ly - the inductance of seacch coil of goniometer; 


a 


i3ad impedance of search coil; 





Ms=K/Liyel, iS mutual inductance according cto the diagrae: 


M= Muane aes 


widiiasidbRiah esate ialeo same hd satan adeeb) ahs 
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Muano==K Y Lulu is maximum mutual inductance between the soils of 


goniometer; 


K - maxiaum coupling coefficient in goniometer aad coupling 
coefficient in equivalent diagram; 


n 
21g =22Z,, +2 y Zam gOS 25 (7.32) 


ansed 
imvedance of the pair of antennas, referred to current in the field 


soil of goniomete: (§3.10). 
Page 360. 


In the case 9f the rotary pair Of antennas Manic Ky Li 
and Li they are related to the input transformer of receiving 


indicator. 


The problem soncerning application/use in the diagram of 
intermeiliata untur1ed circuit must be solved, combining requirements 


of sensitivity and one-handed tuninge 


For the calculation of effectiveness p, by the antaana of 


system it is required to jdetwrmine the parameters, entering the 


f od 
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formula (7.31). 


Effect. of the number of antennas. 


For an increase in the effectiveness at the base altitude of 
Single vertical wire antenna, it is possible to incraasa the numbei 
of antennas and the saparation between them. The value of Separation 
is limited to the maximum error of separation, which is so9served on 
Smallest wave of »perating range. The permissible separation with tha 
assigned error increases with an increase in the number of antennas. 
Thus, an increasa in the number of antennas is led to an inccaase in 
the effectiveness not only Lecause of the number of antennas, but 


also becaase of an increase in the permassible separation. 


For the quantitative determination of the effect of an increase 
in the nunber of antennas by effectiveness, Let us turn to formula 


(Fa 1) 6 


Calculations show that the total resistance of tha pair of 
antennas Zap Little dapends on the number of antennas. Therefore 
undes the condition of the preservation/retention/maintairing of the 


resonance [ceguensy of the pair of antennas, we have 


‘ 


. waif. ee : ba eet a iis SOE ern eer er 
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Zan + folys = Const. 


If coupling coefficient in goniometer does not change, then we come 
to the conclusion that Ly and Ai, they io not depend on the number 
of antennas. Froa formula (7.31) it follows that in this case the 
effectiveness by the antenna of system Ps is proportional to square 
root from the nunger of antennas. Effectiveness changes also due toa 
change in the effective effective height Hp. which affacts separation 


2b, different for the differeat number of antennas (see Table 4.1). 
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Calculation of effective height and entry impedance of antenna feadar 
system from the pair of antennas with the direct conneztion of 


antennas to feedarcs. 


We give the 2ecessary for further calculations formulas from the 


theory of long lites (3.1, 3.4]. 


Let voltage £. be connected through resistor/resistance Za to 


the input of feeder. Let us designate ma, Bae Yo - tae constant 
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of phase displacement, attenuation and propagation constaat of 


i ; 
: feeder, moreover 3 
ae -— Qn 3 
Yo = Bot jmtys mg=mVey pm==, : 
*# - the dielectric constant of insulation of feeder; E 
FR Py =~ wave impedance; F 
lp- the length of feeder; . 

Za == Pa cth Ua. 

Than output cesiscance at the end/lead of the feeder will he 
M 


1+ thé, th val 
Zarax = Py Cth (Vol + On) = Po hisle tit 


Zacthyala +o __ ie 
Za + Py ct yale = Rows [Xa (7.38) 





=s Pw 


Voltage on tae end/lead of the feeder is express2i py the 


formula 


Lay = ches ch ({aly + = E, (ch Yoly + 7 sh Yale). 
(7.34) 


We convert (7.33) and (7.34): 
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Esux = 
ie ee VipsEe'* s 
V ((2z-+P3, ) ch Bale +2RaPs Sh Bugle) +1(Pj, — 24) COS 2mgln — — 
ON ape sin Qntplyl, (7.35) 


(22 + 02 ) ch Bolg + 2RaPe Sh Bolo] + 


+ 2Rateg ch Mole] 
ae Ls] ns 7.36 
+ (leg —- Z2) cos Imalg — 2X spe sin 2mole] ( : ) 


Ran = 


bn (og = 73) sin Qntely + 

[22 + #3.) ch Bagley -+ 2Rapy 8H Bolg] + 

____ + BX apy cos 2melel __ one 
+ (Ps - 24) COS 2tglg — 2Napy sin 2molg) ° (7. ) 


4X eutx == 
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Here 


z,= RX. 
When 


Z,= Rk, = rn and X,=0, 


ee 
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A. ee es 
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that 


Bye le" 


. oe etimel le 
Ven Bele + sh Bole . 


yas = 


a 


Roux = Po: X sux = 0. 


The field coil of goniometer it is possible to inzlale/connect 
conSecutively or dacallel in tte feeder of antenna. Let us examine 


these cases separately. 


Figures 7.11 gives schematic and equivalent diajcarxs for 
calculution by th2 antenna of system with the series connection of 
the field coil of goniometer into feeder from antennas (J-shaped 
system). In figura ‘Zar= Ray tiXa and, Zan™Reaat iXax are 
impedances of separate antennas {its own and introduced from the 
adjacent antennas), cteferred to the current antinode in antenna; E,)=Eh,c~imé 


and Eg2= Eheim - amf, induced in antennas. 


RPL T Fa ae cee eee a aca ahaa ek ae aan CL CAP etd Sa Sear ed 
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Fige 7211. Sequertial switching circuits of field coil (J-shaped 


system): 9) Schanatic diayram; b) equivalent diagran. 


= 


Page 363. 


Let as convert resistor/resistance 2, and eat Fy, of laft 


: ch 
vibratoc to the point* of the connection of field coil. Disregarding 


the attenuation of feeders, we will obtain the formulas 


(7235) -( 7. 37) 3 
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PeEh,e7 ime 
E. = SS ee 
V #4 Cost mole + (Re, -+ X},) sin? mole — Xarte sin 2migle 
(7.38) 
Ro Rasa, : 
ope cost mala + (Re, + Xg1) in* gla — Xap sin 2rgle’ 
(7.39) 
Po (0% _ R?, _ x3 sin male cos mele+Xails — 
5 pee das * 


“pp cost mole + (R2, + Xz\) sin! mele — 


—2X ape sin? mol, 
“=X, “7 sin tale (7.40) 


For the cight vibrator of expression for Rs and Xs remain the 


sane, for voltage Ey, (at point b) in numerator (7.38) instead of 


e-im’ one should write em 
the voltage at points ab with off field coil will be 
Eg Esa = Ea— Eg. (7.41) 


The affectiva height of the antenna feeder systam of the pair of 


antennas Erom (7.38) and (7.4%) whenZ,=-Z,,—Z, is obtained equal to 
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Ha fpt= 

ee 2sin mb hype ae 

V *% cos? mele + (R? + x?) sint male ~~ X ape sin 2mele : 


(7.42) 


Entry impedaace of the antenna feeder system of the pair of 


antennas, in reference to current in the field coil of jyoniometer, 


will be 
cus = neo = Za + Zs. 
With the cosolete symmetry of systena Z.=2Z, and therefore 
Zap = 2Z 4g = 2 (Ra + ]Xa)- (7.43) 
Page 364, 


Formulas (7042), (7+43), (7.39) and (7.40) they searva for the 
calculation of effective height and resistor/resistance of antenna 
feeder system when it is necessary to consider the 
resistor/resistanzes 2f vibrators &,. If it is possible to disregard Ry 
in comparison with Xs and to count that 


X,=-- Os cle ml, hae tg a 


where Par fp - wave impedance and the length of vibrator, then 


SBS e sabarah a iak OE abeass aoe, stcedveabe state dential 
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formulae (7.39), (7242), (7.40) and (7.43) can be sinplified 


R,=0 
2sin mb tg 





H.= ~ (7.44) 


m (cos Mola te Sin malgctg ml, ) 


Sd 


Pu (Pm Sin malty — Px Cg wl, cos male) 


a,6 Py COS Maly + Py tg min Sinmyala 


x 





1— 7 etg ml, ctZ mala 
=e, (7.45) 


ctg male + “4 ctg ml, 


Zaw — [2X 4 (7.46) 


ase 


Figuces 7.12 gives schematic and equivalent diagrams for 
Calculation by tha antenna of system with the parallel sonnection of 
the field coil of youiometer into feeder from antennas (H-shaped 


system). 
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Fig. 7.12. Circuits of parallel connection of field coil (H-shaped 


system): a} schematic diagram; b) equivalent diagram. 
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In Fige 7.12 designations the same as in Fig. 7.11. Voltages E 


aul 


and £,,, and resistor/resistances Za) and zug €£TOM each antenna at 
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pointsab of the connection of field coil of goniometer are desiyned 


from the same fornaulas (7.38), (7.39) and (7.240), that also for the 


case of the series connection ot field coil. 


Tha total voltage from both of antennas on the tecminal/grippers 
of field coil with its disconnection/cutoff in accordaac2 with Fig. 


Fe 12b will he 


Bo, w= Fas a51 Fn iZana 
nb Za61 + aso 2061+ Lana 





Futcy impedaace of antenna feeder systen on terminal/gtippers ab 


is determined by the expression 


, 24512 062 : 
ae 2a61 + Za 


When diajgrax is symmetricai, then 





Za6 E Ea62 ay East 
a eee 


Zag) = 2q62 == 2061 Zag = 2 2° = 


= ev € 


ExpresSions for Ug and Za in the case of parallel sonnection of 


field coil of yonaivmeter into the feeder of antennas will be 


Hy= aln mb hype 


ESE 


(7.47) 
Za 


Zig = + = 7 Ras eh 3 Nas! (7.48) 











“t 


t 
° 


ree 





- 
4 
4i 
i 
| 
ia 
t 
i 
: 
we nid id 


ee tlh eit es 


 poc = 77223218 PAGE 


257 
Oo 


pus Suet E Se oes te 


BhdS ei. 


aad 


soausla re heey 


aut 


where Ry, and VN, they are designed from formulas (7.39) and (7.40). 


feb asbomladS.a 
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we he Le cd et 


If 1t is possible to disreyard resistor/resistanz2 Rae in 


comparison with X, and to count that in this case 


rr 27 


Xo — pa ctg mi,, hae te an, 


we will obtain tha calculation formulas 
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oe ml, 
2 sin mb tg ~~ 
H,= ; » (7.49) 
m (cos malo + a Sin mal ctg mt) 
; Pe (1 —_ = ctg mtglg ctg mly ) 
Xw=F = sa Ray = 9. (7.50) 
ctg muly + -— cig ml, 
i.) 
t 
When l,<a and b€X), formula (7.44), (7.45), (7249) and 
(7.50) th2y are considerably simplified, since it is possible to 
count 
: «ml ml, 
é sin mb = mb, sin > S CoS gly = 1, 
1 1 
C1g Moly = aT ctg ml, = =) 
and the product of sines equal to zero. 
Then for the series connection of the field coil 
4 





me Pe. ee ee 


sf eR Pt, 
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ae = 28) “TO (7.51) 


2 py. Sin ml, sin malo — Pecos mls Cus Maly __ 
Xag = PSs Sin mao — Pe 608 mile C08 Moly a 





— Cos Mole Sin mla+ s cos ml, sin mele 
2 2 
seo... a a OE 7,52) - 
iil, lg =o Cen tOmy (9) 
Pa ic) 


Por the parallel connection of the field coil 











where Cyr Cy are linear capacitance/capacities of vibrator and 


feeder on 1 a of Length; 


Can Cala, Con =e Culy are complete antenna Capacities ani faeder. 
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jibeitoduni sec Rt Est Ls wcdicts aletian ati abi ¢ 


yi From formulas (7.5%) and (7.53) is visible the importiiuce of a 

{ 5 . y ; . : 

‘ decrease in the calation nee for an increase in th2 2£ fective 
aa 


height of systean. For the possibility of the calculation of 





effectiveness according to formula (7.31) we will examine the 

questions of salettion n and of calculation Hg and Zag. Tha pacameaters Ly, 
l Zn K and Ce ar2 establish/installed ducing the calculation of input 
circuit of reception indicator. Procedure of calculation Ly is 


clarified below. 


72.6. Calculation of H-shaped system. 


rr 


Fundamental and the equivalent diagrams of the pair of antennas 


are given in Fig. 7.12. 


For calculation is assigned the freyuency band of the radio 


direction finder Paam—Parnncee 


q 
j 
4 
| { 
3 
i 
a 
4 


Let us calculate first of all antenna-dipole.e Th2 Laagth of 
halfdipot2 /, wa will select on the basis of the fact that in 


vertical cadiation pattern will not being gapse Must ba aade the 


| 
2 
7 


nel 
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condition 


1,<0,625as nn. 


The diameter of dipole 2a it is desirable to take as possible 


large, so that by an increase in the diameter is improved the 


Cy Pa, R,, Ra, Xe Bp 


agreement We will calculate ¥ 


of dipole with feeder and increases Hy. 


of dipole in tne canye of frequencies  friun—fmare, and also 4, for 


this same frequency band. Considerations on selection »f Separation 
2 


; ob: ; : : 
2b are presentad 2arlier“& On the basis of construction, we determine 


It is selected or we design feeder. It is desirable s> that Po was 


of one order or is more than Py We design frou formulas 


(7.47) - (7450) 25 and Zap = 9,5 Z,,, and also 


H,=! E61 — Fo62 
2 


| 


The inductance of field coil Ly =o it is selectai so that the 





. 


natural frequency of tae antenna feeder circuit of the pair of 


antennas, which cansists of the pair of antennas, feeder and the 


equivalent field toil of goniometer Ly (see Figs 3.33), it was 


located outside working frequency band [msnu—/maxe 
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Figures 7.13 depicts the dependence of the reactznca of antenna 


feeder circuit (taking into account the resistor/resistances, 


4 
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introduced from other antennas), undertaken with opposite sign (— X,y) 
on frequency. Two Possible straight lines for Lio = Ly/-¥- are 
given in this sama fi.vure. The natural frequencies of antanna feeder 
circuit are deterninea by the points of intersection of curve - Xjq 
and straight lings el,,; they are Selected so that they differ by 
10-150/o from the extreme frequencies of the range iat aod fmane): 
AS shown eaclier, it is profitable to stop at straiyat iine, 
giving intersection from curve at frequency 1eS5 Omm Steaight line 


oly determines the inductance Ly, of field coil, for examsle 


B 1 
Ly=-4 


Own iQ" 


if the self-capacitance of field coil can he disregarded. 


In the general case the resistor/resistance of the field coil of 
goniometer Xn is parallel connection of inductance /n aid of coil 
capacitance C, Yaerefore, if it is not possible to disregard 


capacitance/capacity Cs then 


as __@ly 
Xn a a i LnC,@* 


and in the precediny/previous example 


eek. _AB 
hus N/2 Wann (I ABW enue) (7.55) 


L cia tbe 7 bah Bd titateseseabe MM oo aes oer aint itr 2 oe at titled cad teal oan? 
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Fig. 7.13. Selection of inductance of field coil of goniometer. 


Key: (1). Resistoc/resistance. 
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In §4.8 ace jierived the dependences of the errors of 
Spaced-antenna direction finder on the different reasons for 
asymmetry of antaina feeder system and is made the conclusion about 
the need for designing this system, so that its resonaace frequencies 


lie/rast dutsidetie working frequency band of the radio direction 


finder. 


Let us examine, which limitations this requicamant adlaces on the 
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selection of size/dimensions of the antenna of systen. 
Let us dismantle/select two cases: 


1) the racestion/procedure of the vertically polarized electric 


field; 


2) the racseption/procedure of the horizontally polarized 


electric field. 


Reception/proceduce of the vertically polarized field. 


Considering that in the center of system the phase of electric 


field is equal to zero, we have for emf in dipoles (sea Figs 7.12a) 


Eq, == Eh,e* , 
Ea: a Eh,e!? ’ 


where 


= 2 bcos 4 cos B, 


Deconpose eaf £,, and Fy, into phase ~» and nosphas2 Ey terms: 


Fy, == Eh, (cose — jsin 9) == Eyy + Eig, 
Eng = Eh, (cos 9 + jsin 9) = Eva -+- LE sum 











oy 


ae 


en: 
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or 


Ep = Eh, cos (Fb c0s'cos), 


7 . 2 ~ 
Eup == ~ Ehysin (*F- b 0s c08 3), 


Ey= Ev Eun = — Exnyp. 


Phasa tha caasponents of emf determine one-act current, nonphase 


- the pusa-pull surrent, passing through the field coil of 


goniometer. 
Page 370. 


It is obvious that phase the components of emf in balanced 
network will not create current in field coil, i,e., tne voltages at. 
points a and b will be equal to each other (Fig. 7.144). Equivalent 
diagram for tha sinyle-cycle current of system will obtain form as in 


Fig. 7.14b, with shoct circuit instead of the coil. 


Nonparaase th2 components of emf of right and the left of dipoles 
store/add up, and they will create in fiald current coil. The 
equivalent diagrasa of system for a push-pull current will take the 


form, depicted o1 Fiy. 7.15, where X,,- is the reactance of the field 


coil of goniometer. In Fig. 7.15 are designated instantanaous values 
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en f. 


Resonance condition for a single-cyzle current fron Pige 7.14b 
will he 


Kathy 18 mglg = 0 


or, considering that 


X,==— pe, ctg ml,, 


we have 
Py tg mgly — pactg mi, =0, 
whence 
Pn 
1— ry ctg ml, ctg myly=0, (7.56) 
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4 
| 
! 
| 
[8 
Fig. 7.14. Equivalent diagrams foc phase currents. 
I 
| 
# ; 
2Xny 
se { 





Fig. 7.15. Equivalent diagram for nonphase currents. 
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In order to avoid resonance for a single-cycle curcraat, ir is 
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necessary to satisfy in working frequency band the coniition 


Pens 
1,4 -~arectg te tg mele). (7.57) 

Let this ctesonance occur for frequeracy, to 10-150/0 of larger 
maximum frequency of range. Let us designate a and m, for frecuency 
by 10-150/0 higher than maximum by tg ani mg. Then supplasaentary 
limitation for tha selection of the length of halfdipole 4, at the 


selected Length of feeder /» will be from (7.57): 
i Pe nor 
i,.< me arectg & tg mgd ). (7.57') 


During the calculation of resonance frequencies for 1 push-pull 
current, we proceed from Fige 7.15b in which is reject/thrown the 


half of aatenna feedet system and therefore Xm is replased by 2Xnm. 


the condition of the absence of resonance for a push- pull 
current in the fiald coil of goniometer, as this follows from 
equivalent diagram in Fig. 7.15b, coinciies on condition for the 
selection of the inductance of field coil. Thus, during the correct 
selection of the inductance of field coil this condition 


automatically is satisfied. 


Receptinn/proceduce of the horizontally polarized fielj. 


+ Saésesivt cient Ulilabiles ace aaah Ma i hee A wasn elt ae, nated salsa died set, cated 


eda teed! 2 beats yaaa. Li ieatisemavet wnt 
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In by normally working H-type antenna to system the horizontal 
componsnt of electric field is not produced currents in the field 


coils of goniometar due tc the symmetry of system. 


If in system appears aSymmetry (for example, inequality of 
resistances of on2 of the half-dipoles relative to the 
resistor/cesistanzses of other half-dipoles), then the cucrents, which 
take placa in the halves of field coil from horizontal field, are not 
counterbalanced. Are observed the reception/procedur2 »f r0rizontal 
field and polarizational errors. So that asymmetry of system strongly 
does not manifest itself, the reactance of system in wocking 
frequency band f3c¢ phase and nonphase voltages of horizontal electric 


field must not ba eyual to zero. 


Page 372. 


for the horizontally polarized field, inducing enf in feeders, 
the feeders must be considered as single-wire, and low2c and upper 
halfdipola2s + as sonnected in parallel between the end/leads of 


Ssingle-wire faadacs and the earth/ground. Eyuivalent diagcam for this 


after becominys it is depicted on Fig. 7.16a. 








ES t Fa Be OEP EN nd MO MS IN ee EE Eas ee SOO POS BP TR I OE a ee ee a ee Lae ee See eS a 


ei DOC = 77223218 PAGE Jet 
Wt 
ae Let 9) <- th2 wave impedance of the feeders, consilared as 
if 
if bunched condustoc3; it depend on outer diameter of the shells of the 
Re i 
[ feeder 
coe 
$4 
oe , __ 3333 
hi ES SGge NM 
ne 
| 
Re i where Cy is a linear capacitance/capacity earth referenced both 
Pines 
ee feeders, n p. 
i The halves 9£ the field coils of goniometer as ar2 included in 
‘: 
; parallel. Since currents in these halves are directed to reverse 
! Sides, the resulting inductance is close to zero and raastance then 
“A 
; Can be disreyardai. 
ie) 


In figure C, - the capacitance/capacity of coil earth 


referencel; 


an shunt cesistance of upper and lower halfdipoles. 


Let, as @aclier, field at the center of system has z2ro phase. 
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Fig. 7.16. Equivalent diagrams for reception/procedure of 


horizontally polacized field. 
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The electromotive forces, induced in the cell/elements of right and 


by the left of halves, equidistant on x from center, can be expressei 


thus: 


en or. -” 7D) i, 
dE,—=dEe ea (7.58) 


dE, = dE! = dEy + jdEyq. 
Phase the componants of eaf dE, ace directed both in one side, 


nonphase 9 dEnw + into different. 


If w2 accumulate the beams of feeders into two-wirs circuit, 
then aquivalent jiayjrams for phase and nonphase stress component will 


take the form, depicted on Fig. 7.16b and 7.16c respectivaly. 


Phase current occurs besides C. therefore in Fij. 7. 16b 


connection with C, shown by dotted line. 


Tha sonditiaa of equality zero of the reactive component of 


resistor/resistance for a phase current (Fig. 7.16b) will be 
af + 2p'n tg mul = 0. (7.59) 


Fo: the feeilacs as of bunched conductors m = 2w/dk ~ propagation 
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constant. 


After ceplasing Xa=—psctgml,, we will obtain from (7.59) 


(= + arectg ms tg ile ). (7,59') 


Condition of equality zero of reactance for a nonphase current 


(Fig. 7.16c): 


xs —p’» ctg ml’ = 0, (7.60) 





The equivalent length of feeder /’, is obtained as a result of 


the accourt of tacminal capacitance/capacity C, and is 12termined hy 
the condition 


2 
’ to = ce mite wc, Fe 2p’g Cte nla = PR ac, 
iy ® tte m )-—_————__——_—_—_———_—_ > oe Sy ES ead 
He highese= Py wC, Cte mly + 2 
g cs OC 6?’ 


or approximately 


Cc ani 
l'y lad ly -+ aCe" (7.61 ) 
Page 374, 


Substitutinjy in (7.60) the value 


Xag= —pactg my, 


we will obtain foc the resonance frequency 


In== 4 arcetg [=s F* ctgm's), (7.62) 








can 
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Ge 
where Uy it is Jatermined by equality (7.61). 


In order ta avoid in the working frequency band of the radio 
direction finder of the resonance frequencies of the antaana feeder 
system for th2 raseption/procedure of horizontal electric field, 
expression (7259), and (7.62) for dé, thay must be mada at 


frequencias, which lie higher than working freguency baiji of the 


radio diraction finder. Let us designate mM, value for m at the 


frequency, jraatec than the maximum freqiency of range by 19-150/0. 


Then must he mada the conditions: 


15s win arectg [4 oe tg mole | F 


: 7.63 
LS arcetg [-4 E* ctg mel’ |: os. 


Calculation of effectiveness, 


The ootimum soupling coefficient field and search coils has 


smallest valu> at the extreme trequency of the working 


frequency hand 
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of the radio direction finder, the closest to natural frequency 


antenna feeder ci¢cuit. lt is uesigned from the formula 


my oem ey 
Aiea Votan VO 


where 2,- is an energy facto> of antenna circuit; 
-Q - the energy factor of input circuit of recaivar. 


Let us assum2 that in goniometer from the viewpoint of the 


permissible ostait errors it is possible to take coupling coefficient Kr. 





Zt is se@lectad for K of goniometer smaller of the vaives Kg and K,. 





The duct of searca coil we desiyn, on the basis of assigned 


adjustable capacitor, overlaps and selected diagram of input circuit. 


Page 375. ae 


We caeck cousled impedances from by the antenna of circuit into 
the grid circuit of the first tube. 1f the introduced rearstance 


cannot be compensated fol in the ranye of frequencies, wa daccease K 





er is introduced ints diagram intermediate untuned circuit. 





After tha determination ot all celjvyelements of the input part 


of the radio direction finder, we design the effertivanass of the 
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t. antenna feeder system of the pair of antannas and entice cadio 
seals q 
. direction finder. 4 
: : 
e Iw 7a Calculation 9£ U-Shaped system. ag 
te 4 
wo 
May: 
4 ‘” 
: The separation between antennas 2b is selected fron the 
in considerations of the permissible error of separation, tha height of 
the vertical wire antenna /» - on the basis of vertisal jirectional ES 


characteristic. Fe 


; Separate vectical wire antenna we design just as in H-Shaped 
System, only one should consider that for the asymmetric vibrator of ,: 
U-shaped system fs; and &, they will be two times 123s than for MG 


the symmetrical vibrator of H-shaped systen. a 


Coupled inmpaiances due to the communication/connestion betwean x 


antennas are determined from curves or from formulas, given in the 3 


> 


courses of antennas f 3.1, 324). In Fig. 7.17 are desigiat3d the 1% 
distances betwaen antennas, which determine these A 


resistor/cesistances. - 


Further we datcrmine Zac= Ra tira ~ complst2 input 
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antenna resistanc2. Is selected the type of feeder, i.2., we Fini 
that py. The Lenyth of feeder /y we take, on the basis of the 
construction of system (with the buried feeders, with the feeders, 


placed unjer wira gauze, and so forth). 


We dasign ZamZgeRatjXa from formulas (7.39) and (7.40) or 
(7445), (7.54). Impedance 


Zrp=ZotZem2WZeq. 


The affectiva height of the antenna feeder systea of the pair of 


antennaS Hg we dasign from formuias (7242), (7.44) oc (7.51). 
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Fig. 7.17. On the Calcuiation of mutual inpetanrces,. 








EES OS EER SE Re Be OY we “ Se TN | ee a ES ee ee ne Oe oe a ee” eS Ee ee Se ee ee eae ee ae a ee Se cee ee ee 


poc = 77222219 PAGE we 


Page 376. 


The incuctanse of field coil it is selected so that the natural 
‘ frequency of tha antenna feeder circuit of the pair of antennas 
together with the field coil of goniometer (Figs 7.213) was Located 


outside working frequency band ©sm—- wane. 





\ 
ase Let us rastrict the effect of asymmetry of systems by means of 
5 ar this selection of the size/dimensions of system so that wuld not be 


ie developed the cesonance phenomena.e 


In $6.3 it is shown, that for the limitation of current in the 
shell of the feeder, created by the reception/procedura 3»£ the 
eer i componant of electric field, must be made th2 condition 
es: Z, - earth resistance of the shell of feelarc aad 4,, - the 
internal resistance of shell earth referenced at the point of the 
connection of ground. For this, the resistor/resistance Zu must not 
be turned into zac > at frequencies of range, i.e., on aust be the 


resonance of the shell of feeder in the range of the frajyuencies of 


the radio direction finder. 








a Doc = 77223219 PAGE 22" E 
Fld * 
, T pass to tha examination of selection fy and ly of 

; antenna-feeder system. It is analayous with that, as we this are made 
during th2 analysis of U-shaped system, was decomposed by emf inducei 
in antennas, t> priase and nonphase components, we will obtain two 

! equivalent diagraas (Fig. 7.18) for phasa and nonphasa coaponents of 

enf. In figure Cpa - the capacitance/capacity of field soil on 


screen, 2; - input antenna resistance, 


f= 


| Phas2 currents (single-cycle) are closed through Cn to the 


earth; non»hase currents (push-pull) are passed through Ly (Cu it 


does not affect). 





For the calsulation of cucrents, it suffices to examine the 


xe 


halves of system; thus, diagrams can be simplified (Fij. 7.19). 
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“| 
$1 
wo hag 
2s wetn 2a 
+ 
ei + 
oe bf) 
a 
Fig. 7.18. Equivalent diagram of the U-shaped system: ajfor the phase 
‘ component of currant; b) for te nonphase component of cucrent. 
A 
+ 
| Page 377. 
h 
: J 
| 
| On Fige 7.1393, the resistor/resistanrce of the 
a4 
| Capacitance/capacity of orderC,-—wouh is much more than the 
\ resistor/resistance of field coil Xn. Therefore it is possible to 
a : , Cn : 
: consider feeder loaded to capacitance/capacity ~): As we this are 
i made in the calculation of H-shaped system, instead of, including Ge, 
if 


| it is possible to lengthen feeder to value A/,, moreover 

Pe Ctg ttele — 0% 5 
Py ctg m (ly + Aly) = -—~—————— - 
PeH Cte moly + | 


Let us designate ;,-+ Aly = le 
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‘ 

is ; 
The condition of a sharp increase in the single-cycl2 current 2 

(from phase compoaent emf) will be equality zero of the reactance of q 

| diagram Fig. 7.%9a, in reference to points 1-2, i.e., a 
: 4 
Xee — Pn ctg Mel's =0 s 

OF pa cty mila + pg Cte Miyl'y = 0, (7.64) 4 

4 
; a 
é 3 
¢ | a 
moreover /', differs by 3-4o07o from length [y. ae 

rs 3 

If we compar2 eguality (7.64) with the equality ; 

pg ctg ml, + pycte mgly =9, (7.64) 4 

that not iifficult to conclude that, since /’»~(1,03—1,04)/,fthe frequency, 2 

5 

, Which corresponds to equality (7.64), is lower than €raquancy which j 
cc) 

a corresponis to equality (7.64), to 3-4o/o. a 
j 

3 

\ j 

4 

b 
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te X¥nay cup uf as 
t 
Za 9 2s 
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a) bF) 


Figs 7.19. Diagcaas of the halves of the U-shaped systes: a- for the 


phase component 9£ current; b - for the nonphase component of 


current. 
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let us turn to expression for Xap (7245) and (7.46). It is 
obvious that equality (7.64") coincides on condition Xy=0, 
ApproXimately with this same condition coincides the iarived by us 


for circuit Fiz. 7.19a resonance condition. 


So that the cesonance does not lieysrest at working frequency 


band, it is necessary to satisfy the inequality 


rn 
ly S5,- arccty ears ctg mol | ; (7.65 ) 


moreover \ and mg they must be undertaken tor the frequaacy, lying 


to 15-200/o0 higher than upper boundary of working fragquatcy band. 


y 
a 
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Resonance condition for a push-pull current (from tha nonphase 
components of emf of antennas) in diagram Fig. 7.19b coinzides on 
condition of the absence of the resonance of an entice antenna feeder 
system of the pair of antennas on the basis of which is conducted the 
selection of inductance ln. Thus, no new limitations from Fig. 7.19b 


for the selection of the elements appear. 

During the calculation of effectiveness we ara gaided that 
which was presentad into §7.5. 
7.8. Calculation of transformer and balanced systems. 


Calculation of transformer system. 


Fundamental antenna circuits of system for the cases of applying Pig 


the asymmetric and symmetrical vibrators are depicted on Pig. 7.20a 


and b. 


We assume that the effective resistance of vibrators can be 


disregarde 1. 
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Let us desijnate; 
X.=X,,- the input reactance of vibrator; 
4,, and a ~- amf, induced in vibrators (left and with right); 
wu the effective height of vibrator; 
L, - antenna inductance of the coil of transformer; 
Ly- the iniuctance of the feeder coil of transformar; 
My = Ky V LyLy. 
Page 379. 
The equivalent diagram of system is Shown to Fig. 7.20c. Let us 


convert voltages and the loads of both antennas to points ab and ed 


of feeders (Figs 7.20d):;3 


Mies wg [Xax + La (I~ Ky sa) ; 
X syp = OLy— os ae o> a Xi. + el, 
Mro _; Afro E en ime i 
E, iE zpely ) Xe els 
i> if Alyw Mr@h-E elm? 
E,=jEuyoteh = = ITT peL. 
7.66) 


where £, ari Ez, - the voltages, converted in secondary circuit of 


wis 
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transform2r from the left and right of vibrators respectively. 


Thus, the calculation of transformer system is reduced on the 


calculation of the H-shaped system which has for each antanna (see 


cals URES Had sel sie eictl indies eo ody 


Fig. 7.201) entry impedance is designed froa the forsula 


‘eke [Xox+ wL,(1 — K?)] 


Kp=Xyx ® Too thet ele oS (7.67) 


t 
vats rl dS Hii ea 


and effective height is equal to 


Myo 


Neg=N, oe +l, ! (7.68) 


where 


ces MG Lien dit col abbas ae 


Xox = — pact ml. 


Mu 
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Fig. 7.20. Transf2cmer system of radio direction findar. 
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Balancad H-siaaped system with the feeders, arrange/located 


directly on th2 aarth/ground (Fiyge 7.221a). 


i This versioa of the balanced ti-shaped system differs from system 
examined sarliar symmetrical H-shaped in the facts that vartical 
component of aisctrical field induces emf only in the upper 


halfdipoles of vibrators. Therefore during calculation 922 should 


consider a secies of additional considerations. 
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The affective height of the single vibrator 


The effective height of antenna feeder system from the pair of 


antennas is computed according to formulas (7.47) or (7.53) with 


coefficient of 2 in denominator. It is assumed that 7% - the 
resistor/reSistanzse, which replaces lower halfdipole, is Fitted so 
that on all working frequency band 

2'5=9,5Z nx, 
where Z,, is complete entry impedance of vibrator, in rafearance to 


the points of tha switching on of feeders. 


The resistoc/resistance of vibrator, in ceference t9 the points 
of the switching on of field coil (4,44 is computed as H-saaped systen, 
by formulas (7.43), (7.50) and (7.54). As before 

Zan 0,82, ¢¢ 
In other respects the calculation does not differ from the 


calculation of symmetrical H-shaped system. 


Balanced H-shapei system with feeders, elevated above the 


earth/yrounl] (Fij. 7.21b). 
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Emf is induced in upper halfdipoles by length ‘ns and in lower 
halfdipoles by length Jf) Rquivalent (replacing) resistorc/rasistance Z, 
is selectad equal to resistor/resistance earth referenced vertical 


condutor by length /,~/, (BY in figure). 
Page 381. 


Thus, impedances 29f halfdipoles of point A ace identical. The 
effective height of the vibrator 

hgh, + Ken (7.69) 
Where h, - the affective height of upper halfdipole, is ietermined 


from the Formula 





hu, - the effective height of lower halfdipole. Taking into account 
that it is loaiel on top and therefore it has approximately uniform 


current distribution 4 


my 


el ty. 


‘Then for 4, on the basis (7.269) we obtain with small miy 


mi, 


2 
A= tly 








m 
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In other respects one should use the methed of che calculation 


of symmetrical H-shaped system. 


7.9, Matching devices, 


Let us exami1e devices and the diagrams, which ensucea impedance 
matching of antenna with the resistor/resistance of feadiar>. The 
character of matching devices to a considerable degree J2apends on tha 
width of the section of the frequency band, in which it is required 


to carry out ajreamente 
Por antenna natchiny with feeder at the fixed/recoried 
frequency, mainly in VHF range, are applied single~stub, jiouble-stub 


and three~stub ajcreements. 


Single-stub agreement, or V. V. Tatarinova"s jet lo2p), are 


applied in the opan air feeders. 














|, 

le, 

ld . 
x. 
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Fig. 7.21. Balanced H-shaped system. 
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Short-circuited stub is connected to the feeder of antenna in that 
place where conductance is equal to x (pps? the wave impadance of 

feeder). The Lanjth of loop is selected so as at the points of its a 
switching on to compensate for r2active conductivity of tie feeder of 


antenna, Then feajier proves to be ioaded on py, 


Double-stub agreement they apply, when the feeder of antenna is 


carried out in taa form of coaxial cable and the movement by it of 


jet/reactive loop is impossible. Two Pieses of cable (1339s) with the 
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movable short~cicsuitiny pistons are included previously in the cable 
of feeder at sartain distance from each other, for example in A/4 or 
3/8 >, moreover the first piece is inclujed in parallal t> the 
connection of antanna.e By a change in the Length of the first cable 
(loop). thay attaia that the conductance in the place of the 
cornection of the second would be equal to ac: After this by a change 
in the length of the second loop is obtained the compensation for 
susceptance of tha feeder of antennae Double-stub agraanazat as ee 
possible thus fac Ra >o with the distance between loops X/4 and y- 
with Jistanc2 3/8 x. With the nonfulfilliment of thes2 conditions, 
additionally is connected at certain distance from th2 sasond still 
the third piece of cable (third loop). The designation/pacposea of the 
first twa loops is obtaining in the place of the connestion of the 
third - conductance spt Then by the adjustment of tha Laajth of the 


third loop they attain the compensation for the reactanc2? of the load 


of feeder and agczement of feeder. Three-stud agreement is universal, 


used during any antenna resist ances. 


If antanna casistance is at the fixed/recorded frequency 
effective resistance Rn then for its transformation int> the wave 
impedance of feel2r Pw can be used the quarter-wave section of 


feeder with wave impedance Pr Rapa 


Paye 383. 
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With the aii of this quarter-wave cut of line, it is possible to 


obtain th2 agreenant of feeder, also, during any impedanc2 of 
antenna. For this, the cut of line is connected in the naarest 
or voltaga antinole. In the first case the resistor/resistance 


feeder R’'y=pyAos (ceactance is egual to zero) and Pr=?Py WY Kos. In 








% re ams Fe 
second case R"9=-Ke and Pee rae 


Mono to fit such wave impedance ?; and the length I: of 


cable, so that it will match at the assigned frequency any 


| 
3 
wiht oaks ae nieodisit : REIL staale i 


node 
of 


the 


cut 


resistor/resistance Z,==R,+-jX, with any other resistor/rasistance 


. bn 
Zex=Rextikow this case, [8-13] 


canner see C , 
?; = Vat Parcltg Mbyly = Hi , 





where A= R, Rox — XyXox: 
B= RuX 5x + RaxXus 
C == Rex =: Ru 
D= Nox a Xu 


M, 1S a phase constant of cable. 


The Jescrib2i methods provide the agreement of feeder in narrow 
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frequency band. 


When antanna has constant effective resistance a, for its 
agreement with tha wave impedance of feeier in the raajz2 9f 


frequenci2s is applied the cut of line with the smoothly or gradually 





changing linear parameters, for example 2xponential f2aiar or 
transformar with the concentrated cell/elements. The length of the a 
cut of line with the changing parameters determines the nininunm 


frequency by which the reflection coeffisient at the ani/lLead of the 





feeder, which jo3s to receiver, does not exceed the determined 
permissible value. The transformer it works the, the naater it to 


ideal. 





Ideal is th2 transformer which loss-freeta and leakage flux, a 
inductive reactaazes of its windings the much more transformed 


resistor/resistances. Fi 


ee 
Page 384. * 
Approach/approxination to these requirements to more easily achieve 4 
during the application/use of ferrite core transformers [4.5]. As 1 
matching transforaer can be used the tour-pole from reactive a 
cell/felemants, Calculation of this type transformers is given in | 


[7.9 Ju 
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To expand the frequency wand of the ayreement of affactive 


resistance with tae aid of the yuarter-wave section of line is 


possible »y th2 sapplementary switching 3n of compensating 


short-circuited stub. 


In textbooks on the calculation of antennas, ar2 jivan more 


fetailei jlescriptions and the calculations of indicated matching 


devices [3.2, 3.3, 3.5]. 


To tae quastions of the range agreement of impedance from the 
concentrated cell/elements with effective resistance ara ledicated 
(3.2, 3.3]. in [7.10], is examined the possibility of obtaining in 
this case with the aid of passive linear four-poles and transformer 


in the raguirad frequency hand of the maximum KBV. 


Passive networks serve for the compensation for reactance, and 
transforwer converts the effective resistance of antenna into that 
which is requirei. Investigations will show that during the assigned 


change in the complex resistance maximally attainalle KBV and the 


band of the frequencies of the agreement = fmaxe—fnm74fo are mutually 


connectsd. Improvement of KBV is Led to decrease <JA/, ani vice versa. 


Tf antenna resistance in certain frequency band the equivalently to 


consecutive or pacallel circuit from cell/elements L,, C,, X&,, 


moreover resonance frequency of duct f,-- VW faanc/ann then natshing 


sal 
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condition with the infinite nusber of cell/velements in aatching 


device they are determined by the equality 


Afe tees Tr 
Ss ae (7.70) 


in ‘| ee: Koa 





where Q is an enetgy factor of the duct of the substitution of 


antenna rasistans2 on frequency foe 


The higher ine antenna field gain, that is less “i. with that 
e 


which was assignel KBV and vice versa. 


Page 385. 


Better agreamant is obtained if the matching four-pole is catenary 
with terminal traisformer. Examples of the schematics of matching 
devices are given to Fig. 7.22. The transformation ratio of 
transform2r must be fitted so that at the medium frequency fg, KBV 


corresponis to parmissible. 


Tho quality of agreement, ise., KBV and Aj, at the assigned 
value of 2, depends on the number of cell/elerments in aatshing 
device. On Fig. 7223, is given the dependence attainable <BY on the 
given haniwidth 9»F the agreement Q4* with the number of cell/elemaents 


in the matching four-pole k = 1, 2, 3, and ©. 
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As can be saan fron Pig. 7.23, the application/use of more than 


two cell/felements of ayreemant is led to very insignificant 

improvement of matching conditions and doesS not justify itself. In by 
direction-finding entenna for system it is necessary to apply several 
identical matcniny devices, in the number of utilized antennas. In 

order to facilitate fulfilling the requirement for the ijantity of : 
the characteristics 9f all matching devices, it is expadiant to 
manufacture them only from one cellvelemant L, C (k = 1), 


allow/assuming c2ctain deterioration in the matching soniitions, 
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Fig. 7.22. The schematics of the matching devices: a) antanna is 
equivalent to series connection R, L, C3 b) antenna is equivalent to 


parallel connection R, L, C. 
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Are levelopai the methods of the calculation of th2 parameters 
of the laider network of agreement. For a single-elemgent circuit 


parameters L and C are designed from the formulas 


Pad, ae | Meee See 
Cy oife ano anef? >’ 


@here B&B is the coafficient, determined on curve/graph Fig. 7.24. 
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The Jevice of agreement consists of reactive cell/alaments, and 
therefore it does not lead to power losses in antenna and to 
deterioration in the relation of the voltages of signal and noise 
(sensitivity). However, for obtaining in the large band of the 
frequencies A/. of sufficient KBV, it is necessary to availiable in 
antenna the small quality ¢. The diagram of agreeaent coatains 
transforner that transforms the effective resistance »f antenna 
circuit. To prepare broadband transformer with large transformation 
retio is virtually difficult. Finally, agreement is possible only in 
that limited frequency band, in which antenna circuit can be replaced 


with the tuned circuit from the concentrated cell/eleaents. 


DOC = 77223219 










of 
a _ LIN 


N | 
\ 
ii 





pen : 1/ 


Pig. 7.23. Dependiance of KBY on the given width of the band of .. 


agreement with the different number of cell/elements (k). 
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So that the resonance frequency of duct would coincide with average 


frequency range of agreement, can be required the inclusion into the 


antenna of suppl3aentary reactive cell/elements. 


Por ayreareit in very wide frequency band for obtaining the low 


quality Q, can be required the inclusion of supplementary effective 


resistanca into antenna circuit and then the sensitivity of 
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MITRE AP 


reception/proceduce deteriorates. Deterioration in tha sansitivity 


-) 


with the axpansioa of the band of agreement approximately 


~ 


proportional to square root of the ratio of the expanied band of 


Matching to tha band, provided with antenna field gain (see Pig. 


{ 


7423) «. 


When is admissible a decrease efficiency in the antenna feeder 


-. 


system, it is possible to also use the diagrams of taa ajceenments, 


presented in Fig. 7.25 in which according to the idea of their 
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construction is provided the switching on of supplementacy effective 


i reSistanc2. 
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Fig 7 24. 
Fig. 7.24. Dependance of the calculated coefficient B on the given 
width of the band of agreement. 
‘: 
g 
Pig. 72.25. Diagrams of agreement with tha switching 01 »9f active 
: cellyelemants. 
Page 388. 
pe 
In these iiagrams Ly = At the output of the diagrams of the 
; agreement where is connected feeder, resistor/resistanza will be: 
i 
( Pin 
(Pm + Zn)\ Pe FZ. 
for circuit a  2a«=————— 3 
2en + Za +9 
Haut ous pean Wee ; = 
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Assuning that the feeder from receiver is loadei fsr wave 


ne a 2k 





a impedance Pp we will obtain for a transmission factor from antenna 
; 

. to the input of the cable 

a . ky xe tt 

Be : : 2 PotZe’ 

" 


eee ey 
ve 


ine. transmission factor decreases two times in comparison with & 


Ne A SNE TYE RT AR I TR REE PT STEEN Y PS MOT A PTT 


in diagram without agreement. How Many times deteriorates the 
Sensitivity of raseption/procedure. The indicated diagram of 


agreement can work in how conveniently wide frequency bani. 


po In [7.12], is described the method of the selection of the 
cell/felemants of the diagram when the loss of sensitivity can be 


decreased wnder the condition of admissibility for KBV 29f the value 





smaller than unity. 


ue 2 . 
Resistor/resistance Zy =a. is approximated by the chain/network 
of the tuned circuits. For the practical target/purposas of 
Lo sufficiently taking the number of ducts, equal to the counded re/stio, of 
: Makimuany operating Freyvency ts the First Pesananic Vreyvenc 5f the antenna, 


TF the antenna eperates On the section of the freyuaacies where 


tie active part 29£ the resistoryresistance &, is changed 
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WS 
insignificantly (usually between two antiresonance), then in parallel 
chain/netwock it is possible to include/connect instead of py 


2 


: ; ° 
resistor/resistance Rs and to take Zu= ry 


Page 389. 


By the switching on of transformer with tfansformation ratio ux pe 


is achieved agreement. The transmission jaip will be 


ky a a a » ay . Q 
From relation ge eee at fet on it is evident that the diagram with 


transformer gives larger transmission factor, than diayraa without 
transformer, if n > 1 and Zn fee, Diagram with the transformer 


virtually can wock in the range of frequencies with overlap 2-2.5. 


Sometimes foc ajyrceament is applied the cathode folloeer to grid 
of which is connected the antenna, and to the resistive Load of 


cathode - a fead2c (§3. 14). 


7.10. Calculation of the input circuit of receiver for the matched 


antenna of systea. 
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The equivalant diagram of input circuit is depicted on Fig. 
4 
7-26. Por the matched antenna output resistance of faaiar, connected 
to the input of raceiver, is active and it is equal to the wave 


impedance of feeder. 





. For a figure the condition of optimum coupling (will be 


é 


V Tea 
- oMonr = 2, — whay Konr = a,’ (7.71) 








: where a=, zZ xVr+eorL, R, < eg. 
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Fig. 7.26. Diagram of input circuit. 
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From the viawpoint of obtaining the maximum relation of the 
voltages 9f signal and noise (without taking into account of the 
noise voltage of the first tube) is required larger coupling 
coefficient (see §7.2). The maximum transmission gain, which 


corresponis wM y,, is designed from the foraula 


=... _ oh ~ 1 sx ypfatl, 
Ra wane = > Viiathig = TV % Ye. (7.72) 


For an incraase fame one should take quality 22 possibly 


larger. The selection of inductance Lg is determined by frequency 


band ani by adjustable capacitor. Let us determine the parmissible 


value 05. 


In the tuned circuit from ante*na faeder circuit, 


ac2 introduced 
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the resistor/resistances 


2Aq? fas 
BR i= Tate Ut) 
Mi 8 
dX=— coal bea ar ol, (7.74) 





or 


A 
p=Q, eo (7.75) 


In optimum coupling #6 = ae (7, 757 


Input circuit is disturb/detuned not only due t> tha effect of 
the reaction of antenna feeder circuit, but also due to an inaccuracy 
in the coupling of the block/module/units of variable capacity. The 
first reason affects much more powerfully. Let us supply requirement 
that at midband frequency ®p detuning due to the effect of reaction 
would be not more the half of the passband of the tunsi circuit, 
ine., So that would be made the requiresent 8 0.5 or according to 
formula (7.75%) for a midband frequency 

2<0,5, 


(7.76) 
Page 391. 
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Expression (7.76) serves for the selection of the inluctance of 


the coil of the antenna feeder of circuit: 


0,5P¢ 


. 
@on 


Le 


? 


Entry impadance of ciccuit trom antenna feeder system can ba designed 


by the formula 





er wot ats K2Q,0L 
P= jolt Rae TEX = Ml +t TE 


or 





c= roe + jol, (i = = Ryx a iN gx: 


In the optimum coupling when are satisfied conditions (7.71) and 


(7675"), Rox=pp and X,,=0. 


If due to tha imprecise coupling of the block/module/units of 
variable Capacity the inclined gctid circuit of the ficst tube obtains 


the supplamentary detuning, which is characterized by value 


ag=+Q,%, (7.77) 


that this will laad to a change in entry impedance ani to the 


appearance of reflection from input circuit. A change in antry 


impedance will be 
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Coefficient of rarclection of voltage from input circuit in the 


optimum coupling 
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Page 392. 
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In §4.12 shown, that for the limitation of errors due to the 
dissimilarity »f the electrical lengths of cables the traveling-wave 
ratio of the loai of feeder aust be 

Koaz 94, 


whence the permissible reflection coefficient was equal to 


Ken 1—0,4 


P you = 7 Pa Kog o> =i yog = 948. 


The permissivle staggering is determined by inequality Aq 2pyou 
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or AB < 0.86. 


From (7.77) it follows that anergy factor of the turad circuit 


must be salected, on the basis of the condition 


246 1,76 
Q, <a3c or Qa<ic 
eC © 


For 2xampla, if ACcyc = 0.05, then Qo ¢ 1.76/0.05 and Qs ¢ 35. 


Thus, we will determine the parametars of all call/e2lements, 


entering input circuit of receiver. Further calculation is conducted 


by formula (7.72).«6 


72171. Compensatida for antenna effects. 


In &5 ow, 4.5, 5,3, 6-5 was shown, that on a whol2 s2ries of 


reasons ia the dicected system appear composing emf, out of phase to 


90° from the fundamental of enf. 


Thesa composing it is possible independent of the raasons, which 


created them, to sompensate for one and the sase methois. 


AG) bes es 
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The process of the compensation for those composing anf, that 
differ in phas2 t> 90° from the fundamental of emf, is called the 


compensation for antenna effects. 


Leth dae 


With visual direction-finding methois it is not azca2rted to 
compensat2 for antenna effects, since extra-phase erf are not created : 
in them such difficulties as in auditory radio direction finders, 
and, furthermore, the process of compensation increases tise of 


direction finding. 


Antenna 2ffazts also less appear in systems with the large 


separation of antennas, than in cosinusoidal. 
Page 393. 

Therafore ficther the compensation for antenna 2ffasts is 
examined in connastion with radio direction finders with the reading 
of bearing for audition on the minimum and with antenna system with 


cosinusoijal dirastional characteristic. 


Tha sompansation for antenna effect lies in the fast that in 


input circuit of the directed systeu artificially is introduced 
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supplementary emf, equal in maynitude and opposite on tha sign of enf ‘ 
of antenna effect. This supplementary eaf can be obtainel froa the “& 
auxiliary antenna or the auxiliary framework. The compensation for 3 


aatenna effect compulsorily must be that which is controlled, since 


4 4 1 
wo Bek ta abate alta 


the value of antenna effect depends in the general casa on the 


wavelength, direction of propayation, time of days and year, and also 


on other reasons {humidity and the connected with it degree of 


J rkgid | Shall ton, 


insulation of antenna and surrounding object/subjects, tae upper-air 


conditions and so forth). TO ensure the constant equality of the 


value of introduced emf and emf of antenna effect during thanges in 


these reasons is virtually impossible. 


Rejyardless of tne fact, is applied or is not applied 


Te 


compensation, must be accepted all measures for the alinination of 
antenna effect, since with its high value are unavoidable 


supplementary instrument errors. 


Introduced for compensation emf must differ in phaSe from the 
fundamental of est to angle, closest possible to 909. Tha 
nonfulfillmant of this condition can lead to an increase in the 
resulting inphase component of antenna effect and, therefore, to an 


increase in the angle of shift of lLearing. For this, explanation let 


us examine vector diagram (Fige 7.27). 
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On diagrasa &£, designates emf of the framework, £, is enf of 3 
1 v 
A antenna effect, oat of phase by the relatively first 90 angle {a 3 
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Fiy. 7.27. Vesotoc Jiaycam of the compensation for antenna effacts. 


Page 394. 


It is decomposed £, to two composing; &£’a=E,cos~, in phase with Ep 


and f”,=E,sinq. taat out of phase to 90% 


Let shase-coapensating emf be assigned and equal to ox 
Regulatiny the value of emf of compensation, we must fit it so that 
it component/term £”,. shifted relative to /) on phase t> 909, will 
be equal and was dpposite £%,. Ta this case £”, and 2’, thay average 


out and we will obtain clear, clear zero positions. Consayguently, 
EE", ak ee Le ‘ 


But 
Ey = Ey SiN Gy, E’p = Ey COS $y. 
Hence 
Ex sin ~,y == — E,sin Pa, 
4 ‘ sing, 
£',= Ey COS Py = — ieee 


addr 


eM dead 
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Stote/adding up now f£, and £,, we will obtain the tot? 
quantity of cophasal emf, not dependent from the diractisa_a of the 


incident waves 


Fo Wo. ’ Lameo nt 9 Rte 
Bra Big Bum Ey (1 --ipt), 
If relation iif negatively {as this is represent2} in fiyure), 
Pea, Pu 
then £’>/', and the amount of the displacesent °%f the pmininmun 
because of compensation will increases WHEN 9, 2= 9 te gym 00, L'a Ely be @s 


the cisplacemant will not increase. 


If anf of antenna effect depends on direction (effect of the 
return emitters), then the condition of the compensati3n for the 
honphase component of antenna effect and the condition of obtaining 
complete zero with direction finding £, x Sil(p~-4)-+E's+ E'v=0 cease to 
be independent variables, since amplitude and the phase “a in this 
case, as it is shown, are also function p. During the iifferent 
installations of the handle of the compensation for antenna effects, 
can be found the different positions of the framework, waich 
corresponi to tha minimum of audibility. Only by method successive 


corresponding of, revolving simultaneously the handle o£ the 


compensation for antenna effects and the framevork, it is possible to 


oe gan tsa sil 
afb 


aut ete eth tas «ox thai inde” atin’ ads cs Gadtond tL us sie dois SE dak cide SMS hee cope snes x coneerllizd slices dla aos Sst ME thal ath 
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find the leepast nininum, which corresponds to bearing. 


Page 395. 


With the usa of additional antenna for the compensation for 
nonphase field from return emitter, are possible supplanaatary 
errors. Astually, in the process of the compensation for emf from 
flonphase field, is introduced into the framework the secondary 
stress, cophasal with emf, induced within the framework by the field 
of transmitter, which produces error with direction fialiag.e In order 
to restrict this supplementary error, it is necessary ¢9 restrict tha 


permissible value of compensated for nonphase emf. 


Let us examine in more detail, to what is led tha 
application/usa of a compensative antenna during the elimination of 


the action of field EE”, (§5.3). The auxiliary antenna affacts the 
field 


Ey = (E + E’on) PE" on (7.78) 
Then, the antenna is strongly detuned and therefore emf within the 


framewor, induced from antenna, coincides in phase with amf, induced 


in antenna circuit. 


Let us desijyiate /a that which operates high-compensation 


antenna ‘ap tha sztaling factor of emf of antenna into voltage within 


with bea ws hs 


PreesTe) 


eo Bad : 
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culture dds nth ae. 
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the framework froa antenna. Then the condition of the reading of 
bearing for zero audibility will be 
ify [E sin (p — 8) -- (E’ox + JE” on) sin (py — 4)] — 
— Raple ((E + E’on) + JE’ on] =0. (7.79) 

For this fulfillment of equalities, it is necessary that 
individually the ceal and imaginary parts of it are 2yual to zero. 
Physically equality zero of real part means that the 
communication/connection of the framework with antenna, iatecmined by 
coefficient 4a, 22e should control so as to eliminate nonphase 
component emf of the framework, induced with the field of return 
emitter and, thus, to obtain pure/clean of zero audibility. For this, 


must be 


Ean sin (4 -- 9) 


Rayla = “EEE on Ny. (7.80) 


Aftec substituting (7.80) in (7.79), we will obtain 





‘ : E, 7 sin (¢ — 98 
i [E sin (p ~9) + E’ou sin ($0) 4-5 Pes |-0 


or 


sty 


be [Bsin ip =O04-( Bout i sinty oy], 


Page 396. 


Thus, cophasal with the field of transmitter field component ot 


reradiation (U0) #when the compensation for antenna effacsts is present, 


wi be {ak 


abe acta 0424 clu ety ae 
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seemingly grow/risen and stops 


. ; Foy 
L “= on + E+, : (7.81) 


The affect 2£ coaponent Eo is developed in the fact that of tha 
radio direction finder, which has the compensation for antenna 
effects, jrow/risas the bearing error. Bearing with the controlled 
(before obtaining of the complete zero audibility) coxpansation for 
antenna effects will differ from bearing without compensation. 
Limiting maximum supplementary error, in@e, relation", thereby in 


accordance With (7.80) we limit value 2a). 





If we suppos2 that Ey, ==0 and to allow during csompansation 
supplementary ercor 4 = 2°, then of formula (7.81) follows that ye 
; oH eT Ray Na < VPS. 
=003 or 2a" — V Gii=0,173, Therefore must be made condition ~———— 


which limits maxiaum permissible emf of the compensation for antenna 


effects, 


The circuit diagram of the compensating open antenna is 
representad on Fijy. 7.23. The communication/connection of antenna 
with the circuit of the framework is here undertaken iniustive. The 
value of sommunisation/connection is regulated with tha aid of 
vaciometer Ly. Li L2 Its winding, the circuital of the framework, is 
divided to two parts Ly, and Lg, connected round trip of the framework 


for the preservation/retention/maintaining of its syametry. 
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Duriag the practical fulfillment of the compensating antenna, 





must be observed the also following conditions: =. 


: 1) antenna must not have direct/straight 





communication/connection with the framework; 





2) antenna must be vertical or weakly inclined. Sijaificant 4 
j horizontal parts san cause supplementary quadrantal deviation, since 


antenna with the jeveloped horizontal part can be consii2red as 


: capacitive duct; a 
ay 7] 
s 

3) antenna nast be weakly connected with the franawock in ordec a 

to eliminate the affect of a change in the communication/csonnection _ 


for the tuning of the framework; 


: 4)on short waves in order to avoid the appeatance 9£ those who . 
ace changing with a chanye in the wave of phase differencas of emf of 


the framework and antenna (due to the effect of incraaant), antenna 


is assembled in tae center of frame system. 
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Besides the 2axamined inductive coupling of antenna with the 


framework, is possible also the application/use of capacitive 


coupling. 


The Jiagram of the compensation for antenna effects in 
goniometric syst2a in no way differs from diagrams in system with 
rotatable loop, only everything that which was discussei the frame 


duct, her2 it is telated to the duct of the selector of goniometer, 


It should b2 noted that with respect to a change in the value of 
the required compensation for antenna effects it is possiple 
approximately to judge the character of the reason, which caused 


diffuseness of tha readings of bearing. 


Let us give several examples. 


4. In presence only of its own antenna affect ani jlisect 
reception/rcocedure, sign of required communication/conneztion with 
auxiliary antenna for elimination of diffuseness of bearing is not 
changed during rotation of framework through 180°. Tha value of 
required sommunisation/connection remains almost constant, 


independent of tha direction of the oriented radio statioza (with the 


constancy of wavelength). 


re ee Sag uided! oo pares rae ms = ia as “att onli cared idh od saascas 4a pe dave ft taibl ntuple. idvtesd $e 
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: 2. For ship cadio direction finder usually is obtained 


Soils 


dependenca of coaaunication/connestion, required for cs 3xp2nsation for 
antenna effects (iiffuseness of bearing), with auxiliary antenna on 


direction of oriented radio station, close to semi-circular. This is 


dai aa Mah iseeiltab ste anc 2 ara Bly dank coskicattll 


explained to the facts that the diffuseness of bearing is caused 


I 
‘ 


i afb 


mainly by reradiation of the masts, tubes and other sbjest /subjects, 
analogous in action to detuned antenna. to the maximum of 


communication/connection usually they ara observed with tae direction 


cd 
is 
woe sh HOR EEA hal flbae 0 


finding of tha ralio stations, arrange/located perpendicularly to the 


center-line plane of the ship, in which is arrange/located return 


ste Beebe 


emitter. 


eid east Jake ecco be dhe Bide daa 


godine 


era et de 


sted deh 
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Fig. 7.28 Circuit diagram of compensSative antenna. 


Page 398. 


3. Value of ceguired communication/connection wita auxiliary 


antenna at presense from ionosphere of waves reflected usually 


Sharply is changed in time. 


4, If auxiliary antenna is insufficiently detun2] aij oriented 
field elliptical, then compensation for diffuseness can bring to 


obtaining false minimums with direction finding. 


5. During compensation for large antenna effects, caa appear 


bearing errors (7.81). 
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7.12. Calculation of the cell/elements of the compensation for 


antenna effects. 


In practice sost frequently is applied auxiliary detaned 
antenna, the industively circuital framework (Fig. 7.23). The 
eguivalent circuit of the communication/connection of the framevork 


with antenna is shown to Fig. 7.29. 

On equivalent diagram are designati:d: 

L, - inductance of the framework; 

Le - inductance of the winding of the variometer, coinected in 
duct framawork; for simplicity coil Lz is not divided to two as to 


Fig. 7.28; 


Ly - inductance of the winding of variometer, coan2cted in 


antenna; 


C, - the Capacitance/capacity of the duct of tha frasework; 


Za ~ equivalent antenna resistance {on Fig. 7.29 C2); 


fa 
4 


i abt id ails al 


EE ee MT ee eT Te tT hr ee hee er ann rt ere pda aah Boh. 
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C3 - the capacitaice/capacity of antenna lead-in; 


Ef, is emf in antenna. 


In calculation wa will disregard the effective resistance of 


antenna circuit, taking into account its detuning. 


Therefore Z,jXa=s—/Jpactgmla, where 2s) ‘nis wave iapaiance and 


the geometric lenjth of antenna. 
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Fig. 7.29. Equivalent diagram of the communication/connacztion of the 4 


framework with antenna. : 


Page 399, 


In further tscmulas we proceed from the direct connastion of 
antenna to input circuit of the framework. If antenna is zonnected to 
the radio direction finder through the long feeder, then one should 
convert emf in antenna and its resistor/resistance for tha end/lead 


of the feeder th2 formulas §7.5. 


In the majority of cases, the antenna is taken Stall length in 


comparison with the minimum wavelength of direction finding and it is 


possible to count which 4, is capacitance, 1.@e, 
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In calculations of auxiliary antenna we proceed froa this 


prerequisite/preszise. 


Let us desigaate parallel connection Ly, Cy by Xa: 








! 
wl, 
iX,= . ‘ial, =| wl, 
DF Tee 
july +igcy 1—wl,C, 
Then (Fig. 7.29) 
El: z . 
Dye ite, oe Ms Bld, 
ee reha)  Oy =a) 
but 
x, XX, 1 Ol, |! thie | 
XatXs XatX Xn B Xa § 


where = g=-]— an) 


== Tete) - besonance frequency by ih» antenna of sircuit. 


On & 0, Tom 


Preqguency “a usually is taken OF ty, +. 14 yane, Where Om 


and wyaxe- the miaigum and maximum frequencies of range. 


With the assigned antenna of capacitance/capacity Cz and Cy, ara 


known. Ba2ing assigned %, it is possible to determine 


{ 
Le=->---—.. 
, w? (Cy +C)) 
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Page 400. 


We convert expression for the amplitude of current [,: 


* 


=, off 
| ea et 


i) 


Emf, induced with current I, in the duct of the framawork, will 


be 


Eqy==0Mayl, = Ehgu?M yg, Cy a (7.82) 


where May= KY LL; 


K is a coupling coefficient between coils Lo and L3 variometer; 


it is determinad by the selected construction of variometer. 


Let us desijiate the ratio of emf of antenna effects to emf f rom 


the frame reception/procedure by a: then must be made th2 reguirement 


Equi aEhy, (7.83) 


where fOr a Ship cadio direction finder usually a = 0.1-0. 2; for the 


coaStal a = of 0.05-0.1, 


errr 
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From formulas (7.82) and (7.83) is determined inductance Lo: 
L > (47) i) ar {ON 
. K (é e C21, [} (c=) | : 


Substituting expression for L, and taking into account that 5° = 


a : aces ; . s : 
=, we will obtain final calculation foraula for inductance La: 


A ’ 
> Balt , hu CytCy , us ; 2 br 
t= (RY (RY (SEZ) [Gh] HY a 
Calculation is conducted for the wave of the ranje of radio 


direction finder, most differing from its own wave ant22a4 Aj. 


In tae case 9f calculation Ls and K for a goniomatris system in 
the communicatioa/connection of antenna with the duct of search coil, 
one should instead of fp substitute 7? 4. where pis effectiveness of 


goniometric systaa; 4§,. is circuit damping of selector. 
Page 401. 
Usually La € 0.1L,; then the effectiveness of frama 


reception/preveduce falis insiynificantly from switching on Lo 


consecutively wita L,. If Lg is obtained large, then one should 


increase h, and groduce translation, after assiyning Lz = 0.1L, an’? 
value 6. From (7.94) is determined that ha and then is designed 


altitude of reguiced antenna. 
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Let Us deterzine the detuning of frame duct due t> tae effect of 
antenna. The introduced from by the antenna of circuit into frame 


duct reactance is determined from the equation 


2 0211? Ka : Na 
AX = Sip 0g Ly = — (2). 


A relative change in the reactance of the framework @#ill be 


determine] from the expression 


BNA, 
x = 6’ Ly 


The detuning of frame duct in frequency will be 


So that during the compensation for antenna effects ioes not. 
change the audibility of the oriented radio station due to detuning, 
value Af must be Less than 0.5 passbands of the duct of tne 
framework. Calculation Af one should produce for a wava, slosest to 4s. 
Tf Af/£ it is graat, it comes to increase |§} and to proiice the 
translation of tha cell/elements of the diagram of the tompensation 


for antenna effects, 


7.13. Calsulatio: of unidirectional reception/procedure. 
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CosinusOijal radiation pattern makes it possible to ietermine 
two values of bearing, which differ by 180% For deteraiizing 
single-valued beacing, is applied the combined reception/procedire 
into the Framewore and the open antenna with cardioid cadiation 


pattern (33.8). 
Page 402. 


For obtainiag the diagram of reception/procedure in the form of 
cardioid, it is necessary to obtain current in antenna by that 
cophasal with emf in it. This phase coincidence is obtainad precise, 
if antenna ciccuit is inclined into resonance with incident wave, or 
approximately, if in circuit of antenna included high affective 
resistanca. Diagram with the tuned antenna due to its complexity will 


not find use in radio direction finders. 


Are examined below diagrams for the single-valued jJatermination 
of bearing with auditory direction-finding method. The patterns of 
the deternin=tion of single-valued bearing with visual 
direction-findinyg methods are examined during the description of 


visual direction-Efindiny methods. 


Diagram with the Unadjusted vertical wire antenna and spital loop. 
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cake oS ded Ls 


wintile Mua. 








~™ 


boc = 77223220 PAGE & 


In diagrams with untuned antenna, it is not possibl2 to dbtain 
accurately the phasing of emf, induced in the circuit of the 
framework from antenna, and emf, induced within the fcamawork it is 
direct. Lat us examine, which degree of the disagreement of the 
phases hetween these of emf is permissible trom practical point of 


view. 


In the circuit of the framework, operate two electromotive 


forces: emf Ly, induced in it it is direct, 


Eyes ~- jh,E cos 9 


and emf /’,, inducad in it by antenna, 


L'y = fh, E (cos 9 2: j sin 9). 


In last/lattac formula we assume that the means of communication 


of antenna with the framework causes phase displacement df enf Es 

i 

| 
represents the ratio of the module/modulus of emf, inducei by antenna 


; F ‘ jE’ 
relative to current in antenna to angle w/2. Real factor Ya: 


within the framework, to emf in antenna itself. % is a puase angle of 
current in antenna relative to emf in ite The resulting yaantity of 


emf within the framework will be 


Eyes = Ey E’y= JE [-- My cos b+ hy cos ¢ az tha sin 9]. 
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Page 403. 


The module/modulus of this value 


Epes = EV (— hy cos 0-+- {ha cos 9)? + (fha sit 7)’ = 
= Ehpy/ (— cos 0+ a cos 9)' + (asin 9)’, 


hn : 
where cam Ts is celation of the asplitudes of emf, induced 


within the framework through antenna circuit it is direct. The 
amplituje of resulting emf at @ = 0 and 9 = 180° will be 
Ev e30= Ehy/ (acos@ — 1)'-F(asing)’, 
E vey 19g = Ely V (a. cos 9 + 1)?+ (asin ¢)”, 
The relation of these two values characterizes the iifference in 
audibility during the rotation of the framework through 180° and, 
therefore, clearnass of the determination of side. This sense he is 


called the coefficient of the unidirectional reception/procedure 


+ (a cos p + 1)? + a?sin? » By eee tr, r 
my Een same = 1 +0? — 2acos 9° (7.85) 


Valu2 &€ (in 4B) as a function of ¢ and a is represented in Pig. 


Ta 30. 


Usually they accapt, that for the clear determination of side 


the difference of audibility during the rotation of the framework 
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7 through 168v° must be not less than 10 dB. From curve/graph it is E 
. evident that this difference in audibility can be provided with a > 4 
0.6. With this than is more a, the greater phase displacement can be 
- allowed. So for a=0,6 Pane = 20°; for «a=0,8 Pmanc = 30° ani for E 
+. | a=1,0 Puanc™ 35°. 29 
ar A With a furtharc increase a & it decreases. Therefore one ought not 
& to select a> 1. ™ 
ol 
Ti 8 
fr 
4 
c d 
q 
10 20 30 40 50 60 10 80 90 a 
7 Fig. 7.39. Clearaass of determination of side depending on phase a 
displacement. s 
Page 404, 4 
g 
4 
. The patterns of the determination of side with the use of E 
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untuned antenna ace represented in Fig. to 7.31 (7.31a - the diagran 
of the dicect coupling of antenna with the framework, 7.31b - the 


diagram of inductive coupling). 


Aftec desigaating C, antenna capacity, C, the 
capacitance/capacity of antenna lead-in, R, the resistor/resistance 
of framework, C the capacitance/capacity of the tuning of the duct of 
the framework, from the calculation of equivalent diagram 7,32a, we 


will obtain 








— Casing ‘ 
Bore COE CIEE: (7.86) 
_ C,sing oh 
ae oF om Toe To (7.87) 
— Cat ln tO 
189 = aRid (ek Oa)" (788) 


Knowing the parameters by the aatenna of circuit selecting a and 
@, according to that which was presented above it is possible to find, 
and § Calculation is performed on longest wave of the range, where 
obtaining one-siled ceception/procedure presents greatest 


difficulties. 
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Fig. 7.31. Patteris of determination of side: a) direct s#itching on 


of antenna; b) antenna coupling. 


b 
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Fig. 7.32. Equivalent patterns of determination of sida: a) direct 


sWitching on of antenna; b) inductive antenna coupling. 


Page 405. 
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Equivalent jiaygram for the case of the inductive coupling of 


antenna with the framework is given in Fig. 7.32b. 


In order to axclude resonance by tn2 antenna of circuit From 
working wave bani, antenna inductance of circuit should select, on 


the basis of the condition 
1 
be SOUT FCu Ce) 


During satisfaction of this condition, disregarding wl, in 


comparison with I/w(C,+C,), we obtain the calculation focaulas 


1 
SP GRCa toe) (7-29) 
{= — w*MC, sing, (7.91) 
ais z wo MC, sin 9. (7.92) 


Course of computation is following: they determina that Lia, 
after substituting in (7.89) the greatest frequency of op2rating 
range wuune Is datecmined the coefficient of mutual inductance, for 
which are. assigned by the inductance of coupling coil in the circuit 
of framework L, aad by the coupling coefficient Ks. In order not to 
cause a noticeabl2 decrease in the inductance (and in the effactive 
height) of the framework, they accept Ly = (0.05-0.1) Ly. coupling 


coefficiant is selected within limits Kune=0.2+04. Calculation they 


conduct for K=(0,5—0,7)Ksow. Purthec, aftar assigning x, by formula 
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{7.92) are found sin 4, 


This detecmination is conducted for the lowest frequeacy of 
Tange. Knowing ¢, by formula (7.90) they find that &sa Piaally, 
through Fig. 7,30 or (7.85) they find é. If value € for lowest 
frequency is satisfactory, is conducted checking & at the higher 


frequency of ranj2. 


Comparing focmulas for the circuits of direct and inductive 


connection of antenna with the framework, it is possible to see that 





the diract coupling provides high value y, which is favorable. On tha 
other hani, the diagram with inductive coupling is more »@nding. Be 
Specifically, in work in several partial ranges in cirsuit with a 


inductive coupliay to more easily ensure optimum conditions in all 








Partial ranges by switching coil Ly. oa 
Page 406. 


In tae insufficient value of emf from antenna and th? 
impossibility to increase its height/faltitude applies in the channel fe. 
of antenna amplification. Due to the complications of iiajcam and = 
control, that appaar during the application/use of the tuned circuit 
in antenna circuit, they are limited to the application/use of a 


cascade/staye of aperiodic amplification, 
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Diagram with the anacdjusted vertical wire antenna and the unadjusted 


framework. 


If the framework is not inclined, then eat store/add up in the 


tuned circuit in which operate emf, induced from the sirsuit of the 


framework and froa antenna circuit. Figuces 7.33 gives tha diagram in 


which the antenna is not also inclined and it is inductively 


circuital. It is obvious that in this case it is possible in egual 


the case it is possible in equal measure to use any 93f tkr2 systens 


described above 3€ antenna coupling. 


Em€ in dust, induced from the circuit of the framework £’,, in 


this case Will be out of phase relative to field to angl2 90°9¢#,, 


Since is obtained supplementary phase displacement ¢) in the circuit 


of the unadjuste! framework. Phase displacement # between two eaf, 


that operate in duct, will be equal to a phase differensa #, and? 


where fs datermiaes the phase of emf, induced in duct from antenna. 


Thus, in formulas (7-86)-(7.88) and (7.90)-(7.92) hearth # should 


understand resulting phase displacement: 


G=. Pa — Po. 
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The amplitude of emf £’, in duct will also differ froa the 


, 
amplitude of enf within the framework. Specifically, valu2 £’, one 
should substitut2 in formula (7.85) instead of &£), 
A n 
Ra v7) 
i ei eee 
2 npui 
2 te eENMUKY 
= 3 
i 
1 
e Fig, 7.433. Pattern of determination of side in the cas2 9£ unadjuste! 
6 


| frame works 

| 

Keys (1). To recaiver. 
Page 407. 


For the circuit in question, disregarding the 


capacitance/capacity of the framework, we will obtain 





ee _ Fe Ep cos Te 
Po Rete (Lefla) 0 (Ly + £) _ Re 
PPG (ial 
Eh p si a ve 


(cos 9’, -— j sit. 9’,) cos 6, 


~~ “@ (Le + Li) 
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Emf in duct will be equal to 


EF.= Ebest ge (sin 9, + j cos 9’,) cos 0. 


Module/modulus of this value 


L'y= ct Ae sin 9’, cos 8. 





Presented in this paragraph directly applicably to the 
goniometric systea which, as shown, is completely equivalent to the 


framework with inductive cotipling. 
The adiitioa of amf in separate duct in the majority of cases is 
applied in gonionetric systems with the Framework and with the spaced 


antennas, and als> in system with the revolving spaced antennas. 


During aS ta2 antenna of the system of radio direction finder 
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one shouli take n2asures for that so that between electrosagnatic 
field, which operates on the directed system and the daniiirectional 
antenna, would not be the noticeable phase difference, which was 
being changed with frequency. This is especially important on 
ultrashort-wave aid skip bands. Therefore, for example, in the ship 
goniometric frama radio direction finder of short waves auxiliary 
antenna is assembled in the center of frame system [8.16]. Further, 
with reference by the antenna of system it is necessary 3) to select 
the diagram of indut circuits so that the phase of circuital currents 
of addition from auxiliary antenna and from the directed system 


chanyes in tha raiayo of frequencies according to identical law. 


Page 408. 


For Simplifisation in the process of determining th? side, is 
possible the applicationyvuse for the unijirectional 
reception/procedure of the Separate framework, arrange/locateda 
perpendicular to fundamental and that which is included in diagran 
instead of it during transition to the datermination 9£ side. [In this 
case, the minimun and the maximum of unidirectional 
reception/procedure are observed in the same position »£f the 
framework, as tha minimum with direction finding. The supplementary 


framework usually is made less than the fundamental, which 


‘facilitates the selection of the relationship/ratid 2£ taz2 values of 
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m 


directed and nondirectional ewf at small size/dimensions of the open 
antenna. 

Analogous with this in goniometric system is possibl? the 
application/use of supplementary search coil, perpendicular to 


fundawental and utilized only for determining side. 


Use of an antenna effect of the tramework and simplifial circuits of 


unidirectional racseption/procedure. 


The antenna effect of the framework, examined in chapter 5, is 
equivalent to introduction into its circuit of supplementary enf, 
which does not depend on direction. With its sufficiant value and 
correct phase relationship, can be obtained cardioid pattarn of 
reception/procedure without supplementary antenna. For this, it is 
reguired by th2 salection of the corresponding diagram to increase 
antenna effevt so So that its ewf would be equal to anf within the 
framework in aaplitude and it coincided in phase with the larees. 


{ 
Figures 7.34 gives this Jiagran. : 


Midpoint by the antenna of the system through salf-inductor L 


and resistor/resistance R, is connected with the earth/ground. 
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ss Through this coil occury/flowylasts the full current of antenna 

: effect. Coil L by one of previously described methods is connected 
with the duct of the selector of the goniometer or framework. This 
diagram is appli2i more frequently with the spaced antennas than with 
the locked framework, since for the first antenna effect is 


relatively higher. 
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Fig. 7.34. Use of its own antenna effect for determining side. 
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Use of tha groundad point of the field coils of goniometac in a 


systom with the sgaced antennas. 
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For atteniant reception/procedure, the peakirg of the minirun 
with auditory dicaction finding (compensation for antaana effects) 
and the dsterminations of the side of radio stations in radio 
direction finder instead of the omnidirectional antenna it is 
possible to utilize a single-cycle current of reception/procedure to 
the jiracted syst2m and thus to manage without itself the 


omnidirectional antenna. 


Let us examiae the possibility of using the curreat through the 
ground wire of tha field coils of goniometer for the nondirectional 
reception/procedure. In the case of the winding/coil 92f goniometer by 
star the jrounded point is the common point Of field coils. In tha 
case 2ven numbar of antennas, symmetrical winding/coil of field coils 
and use of each coil for the connection of the opposite pairs of 


antennas the grouided point must be midpoint of field coils. 


Farlier wa will establish that fer emf of the m antenna it is 


possible to write (3.50) 


oe 
Ey — Eghiog J, (a) =- 2 > My (@) cos p (9 = bm) * 


pal 


where asa bcos 3; a= =, 


Durciag the use of a common point of Field coils, all emf of 


antennas are connactad in parallel. Therefore total emf #ill be 
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a oo " Fe 
bey Fe = Eyal sh (a)-+2¥° 7", (a) V. cos p(u—tm)]. 
mal p=i mal 


(7,93) 


Wa convert (7.93), taking into account that 


4) 
cos {=F 7 “4 apn p=akn, 
a 


¥) cos — 5 pt r= =0 Hes APYTHX Pf, 


: » 
sin : pm jo Aa 


Key: (1). with. (2). for another p. (3). always. 
Paye 410. 


Then with evan number of antennas 


E, = Eyhg, J, (a) 2(— 1) *J,, (a) cos nh 4- 
+2 (—1)"J5n (a) cos 20 4-...]. 


For six and tore antennas usually it is possible to lisregard 


J, (a), Jn (Q)so forth in comparison with Jg(aj). Therefore approximately 


E, = Eh» ttd,(a). 


"a 
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Maximum valua £, is obtained with a = 0, ieee, with 2) = 0. 


In Fig. 7.35 is sonstructed the dependence wot on 2b/A with fp = 


O. Prom figure we see that when te: 0,765, E, =0 and when > ==1,22 E,= 
—O,4Eé, MOKG? 

f\ Thus, if is placed the requirement to utilize midpoiat of field 
coils for the nonlirectional ceception/procedure, then it is 


necessary to satisfy requirement 2b/rX < 0.765. 


With the largJer separation of antennas, i.e., when 2b/ >. 
0.6-0..7, it is possible to select for the nondirectional 
reception/prosaduce each time the pair of antennas, which lie/rests 
at the plane, perpendicular to the direction of the sriaated radio 


Station, but diajscam and work itself on direction finding in this 


case strongly become complicated. 


Fig. 7.35. Change in emf of undirected action depending on separation 


of antennas. 
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3) Chapter 8. 
ae 
i 
bai 
iy VISUAL RADIO DIRECTION FINDERS. 
re ié — 
s 8.1. Pixel loop radio compasses. ES 
Radio diraction finders with visible reading of hearing are i 
divided into two groups: 
‘ 4 
1) direction finders with manual installation by tha antenna of 2 
system on bearing from readings (§8w1) ; 4 
; 2) the dicection finders in which the bearing can ba counted off x 
; on its image or 92 the position of the arrow/pointer of instrument q 
immediately after tuning to radio station without the nasi for a 
ihe as 
revolving antenna system (§9. 2-8 8)» = 
in 
Are caccied dut works on the automation of averajing and removal a 
of bearinjgs in tha direction finders of tha second group. The a 
averaged bearing is developed on digital siynal panel (§8.9). % 
: Eg 
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if es 
ii The visual cadio direction finders, which determine bearing by 3 
i the installation of the directional antenna toward tha aiaimum of the 
E depth of modulation, will be called the name fixed loop radio 
io 
if compasses (see Fige 2217) « : 
; : Fixed loop cadio conpasses widely are applied in aicsraft. This 
is explained by the following reasons: 
1) by high iaterference level on aiccraft (incluiing asoustis), 
k 
which are lea to an increase in the subjective error with the taking : 
i of bearing by audition in the minimua; 
a 
| 2) by Simplicity of the determination of hearing juring the use 
fb of a visual display in radio direction finder; hence by the 
possibility of ta2 maintenance of direction finder by the less 
qualified operators, that especially importantly ou aicccaft ; 
3) by simplicity of realization on the fixed loop calio compass 
of flight to radio station, 


Page 412. 
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Overall sizes by the antenna of system are limitei jue to 
mounting sonditions 9n aircraft; therefore in fixed loop radio 
compasses is applied as by the antenna of system almost exclusively 
the combination of the framework and small omnidirectional antenna. 
For the size decraase by the antenna of system frequently are applied 
the framework with ferromagnetic core. Voltage of ona of the antennas 
undergoes Commutation or itodulation and store/adds up with the 


voltage of the seftond antennas 


It is expedient switchings to produce in the circuit of the 
framework, since then in flight to radio station (torqgua/noment of 
beariny) is absent the modulating voltage and is feasible the 
reception/procedure of radio station without interference fron 
modulation. Tha iissimilarity of diodes or triodes of switching is 
led during switching of the framework only to differant instrument 
sensitivity duriny deviation to the right and to the left from 
course. During switchings of antenna, this dissimilarity causes with 
direction findiny also errors Ay. Figures 8.1 gives the casulting 
diagrams of the raception/procedure when switch is locat2] in antenna 
circuit and voltayes from antenna change their value during switching 


of phase. The position of bearing is detarmineu with ecco An. 


The commutation of the framework can be producej 


electromechanical or with electronic method. Due to the inconstancy 
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40! 
of contacts, short service life and limited switching rate of 
electromechanical switches standard method is the elactrd1zic 
switching. Tie devices with the aid of which is realized commutation 
with sinusoidal envelope shape or modulation with the suppression of 
carrier frequency, they are called the ba Lanced nodulators. [n the 
balanoed seudtatere it is possible to utilize diodes. (Fig. P22), 


electron-tube (Fij. 8.23) and transistors, and also multigrid tubes. 





Pigs 8.1. Displacament of bearing during switching of antanna. 
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Page 413, 








Fige 8.2. Schematic diagram of fixed loop radic compass with use of 


diodes, 
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Por an increase in the sensitivity, taking into account the 


Le j 
ie! 
tie 
ta 
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Lae 
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small effective height of the framework and the incraasei inherent 


noise level of tubes of the balanced modulator, between the framework 





and the balanced modulator usually is placed amplifier stage (Fig. 


8.2). In the channel of antenna, it is oiible, aS a cula, to manage 


ra mre : 


without itself amplification. 


At the output of the balanced modulator, occurs the addition of 
the modulated voltage of framework and voltage of ant2ana, which 
restores sarrierc Erequency. The resulting voltage will be 


feed/conducted to receiver (usually the superheterodyne type), that 


= 


ie . contains the cascade/stages of the amplification of the high and 
intermediate of Frequencies, detector and low-frequency amplifier. 
Tha output voltay2 of receiver, which has modulation frequency, 
supplies the rotor oe indicator M, and the voltaye of tha local. 


oscillator is its stator. Indicator is ferrodynamic instrument. 


Readinys is determined by currents in stator /+ ani rotor /yp 


and by phase displacement between them }: 


u=ky/,,/-;cos yp. CF. j ) 
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Pig. 8.3. Schanatic diagram of fixed loop radio compass with the use 


of triodes. 
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Phase displasemeat of currents in rotor and stator pust be 








= ror 
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small, otherwise the throw of pointer decreases and sensitivity 


falls. 


In formula (8.1) it is assumed that cucrents /, an2 Jer One and 
the same frequency. If frequency /, differs from frequency |e, 
appears the alternating/variable torque of rotor and riflaman/gunner 
it comes into oscillatory motion. Because of the inertia of the 
movable systea of feanveney indicator, they will decrease with an 
increase in the frequency, isee, difference in the curcent 
frequencies, which feed rotor and stator. The difference in the 
frequencies, by which the amplitude of oscillations falls to 0.707 
from the maximum, determines the band of the susceptibility of 
indicator. The baad of the susceptibility of indicators composes 


several hertzes. 


Let us examine the work of the balanced modulator in which are 
used the vaccum tape triodes. The fundamental conclusions which will 


be obtained, are retained for other circuits of the balaised 


modulators. 


To the grids of the tubes of the balanced modulator JI, and JI, 
Will be feed/condacted in antiphase the voltage of the local 


oscillator of irzjuency Q/2n = Fe The voltage of the framework will 


be feed/conductei to the grids of tubes also antiphase, ind their 





saad dati adie: 





| 
h 
| 
j 


mils 


ie eas hla ass he Fae heel 


juatadihcaoatst a utd uta a 





aad 
pe 
ery oe 





Doc = 77223220 PAGE 227 
706 
anode currents stdre/add up cophasally. Is possible anothar 
construction of tae diagram when the grids of tubes JJ; and 7, are 
supplied from the framework cophasally, but the anodas ara included 
antiphase, i.s3., their currents are deducted. However, the second 


version is less favorable (see page 422). 


Let the currant of tubes 7 obey the law (work occurs without 


cutoff) 


i=T1,+-a,e,+-0,€7 +a,¢) Se 


where cy is a grid voltages ay. an, a3 ave coefficients of the 


characteristic of tubes. 


Let us designate E,sin.Qt voltage from generator S$ of low 
frequency, Eymoxesinisinat Voltage from the framework during its rotation 


through angle @ from the direction of zero reception/procedure. 
To tae grids of each of the tubes //, and JI, fall the halves of 
these voltages with phase displacement 180°. Amplitui2s 9€ these 


stresses 


E,= 0,56, and £& ~= 0,56), mane SIDA, 


Page 416. 
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Then 


€y 2 (Ey sin Ol 4- £ sin wf), 


Being limited four by terms of expansion i, for the cuccent of the 


first tube, we will obtain 


i= /,-+ @,E, sin Ql aE sin of +0, 2° int Of + 
+ @,E* sin® of + 2a, E,E sin Of sin of + a,Ey sin’ Of 
a, E sin’ of -+ 3a,£% E sin? Of sin wf +. 
++ 9a, L,E7 sin Of sin? wf +... 


Lat us isolate from this current the auplitude /, of component 


Q, 20,..5, 
furdamental frequency we Current of prequen Sys well as the 
high frequency harmonies2w, 3n,,do not interest us since they do not 
pass through the high-frequency circuits connected in behind tubes 
and tuned to rrequency Ww. 


For the current of the first tube of frequency we have 
1,7=0,E+-20, EF sin Of + 4 a,£'+3,E7E sin’ Alf... (8.2) 


Thus let us write expression for le, the component frequency 
of the current of the second tube: 


1,,=—@,F + 20,£,E sin Ot — 


~ 3 a,6?—3a,£) Esin' Ot+... (8.3) 
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Through coil Ly, occur/flow/lasts summed current /,, with freguency 


ws 


oe — 4a, £2 £ sin al = aE Ey MaKe sin i] sin a, (8.4) 


During the aidition of currents (8.2) and (8.3) we assume 
identical tubes J/, and JJ, and equal of the voltaye 3£ aaterodyne, 
supplied on both tubes. With the disturbance of tnese soniitions, 
summed cucrent will contain the unmodulated component ani component, 
modulated by douvle freyuency. The first of them leads to the 
asymmetry of the throws of the pointer of indicator from zero 
position duriag the rotation of the framework to one and another of 


side. 
Page 417. 


The presence of components, modulated ty the harmonics of the 


freyuency of the reference oscillation, can cause ercocse the 
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ron : : 

eis imbalance of the balanced modulator is undesirable for other reasons, 





a | examined below, 
“at R 
i 


If /, ~ cadiation current and @ - phase displazamant of the 


current of the balanced modulator relative to radiation surrent, then 





of emf, induced in coil at input ultrahigh-frequercy (Fiz. 8.3)whose 


Pe 


v - inductance is further designated Ls, it will be 
a ¢==0M,/, sin of + oM,/,, sin (wf + 9) = 
oe = E, [sin wf + Msin O41 sin (wt + 9] = E sin (wl -+ Pye), 
where M, and Mz - mutual inductance Lyts and .sh33 
% 
E,2= OM ly; M = £2 sin 6; Ey == a wth Lgl, vanes 
E= Eq / 1 2M cos ¢ sin Qi -- M? sin? Of; a8 
h 1 Geg <= Absit ge sin OF oo 
B Pros = 1+ Mcosg¢ sin ° 


When the cadiation currents and the balanced modulator ar2 found in 


phise, we obtain 
E== E,(1-- Msin Of). (8.6) 
Signal is moiulated in amplitude with the depth of aodulation, 


proportinaal to tae sine of bearing, and phase modulation is absent. 


After detection output potential is proportional £,sin4, 


when ® = 90? amplitude of resulting emf barely i2paais on 
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bearing and modulation frequency, but the phase 


Ppes = arc tg (Msin O2) (8.7) 


changes with frequency 2. Thus, in this case signal proves to be 
modulated on phas2. It is known that sensitivity with phase 
modulation in the mode of small ratio of the voltage d9f signal to 
disturbing voltag2 and small index of nodulation, as this is observed 


in radio direction finders, lower than the sensitivity with amplitude 


modulation. 


Page 418. 


The structure of ceceiver with phase modulation is more complex than 
with amplitude. For these reasons in fixed loop radid coapasses, is 
utilized the amplitude modulation, which corresponds to the absence 
of phase displacement between the radiation currents ani the balanced 
modulator. Howavar, due to inaccuracies in the production and tuning, 
is feasible certain phase displacement. With the phasing 2f the 
circuits of tka Eramework and antenna, one should consijer that enf, 


induced in them, are distinguished by phase to 90°. 


Modulation factor, as can be seen from (8.5), it is proportional 
to sin 6. By the rotation of the framework (or by tha cotation of 


aircraft) oparatoc establish/installs the framework in the position, 


fil 
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7) 
which corresponds of zero modulation factor: Mo, The 
arcrow/pointer of indicator in this case is located in tha 
mid-position. During the divergence of the framework from zero 
position to one o> the other side, the arrow/pointer of indicator 
also deviates. in one of the zero positions of rifleaan/gunner's 
Framework, it deviates the same side, as the framework. To the seconi 
zero position of the framework, which differs from the first to 180°, 
rifleman/gunnet it deviates to the side, reverse/invers2 to the 
framework. Accoriing ta this sign/criterion it is possible to obtain 


one-sided bearing to radio station. 


With an increase in the modulation factor, output voltage 
grow/rises proportionally ME, thus far M<l.Wwhen begins the 
overmodulation (M>1), stress component of the fundamental frequency 
Foon the sutput of detector it is little affected with an increase in 
the modulation fastor. At the same time yrow/rise the constant 
component and the amplitudes of harmonics. During th2 rotation of the 
framework from th2 position of bearing, output current at first (when 
Eysin 9< Ea) 

grow/rises proportional to sin 6. Subsequently beginning with thea 


angle by=aresin 5 , at which the modulaticn faccor stops eyual to 


unity, output cuccent it remains almost constant (Fig. 3.4). 


Since the constant component of the voltage of datastor is 


utilized for the automatic gain control (AGC), an increase in the 
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constant companeat with the onset of ovearmodulation causes a fall in 
the amplification of receiver. During application/use ASC, the output 
voltage of frequancy F after the onset of overmodulation loes not 


remain constant, but begins to decrease (Fig. 8.5). 
Page 419. 


A Similar depand2ice impedes operator, since in some positions, 
revolviny the framework to the side of a decrease in thea throw of the 
pointer of indicator, it it does not approach the framework a true 
position of bearing, but it drives out from it. If maxinun modulation 
factor do2s not axceed 1.5, a decrease in the output voltage because 
of action of ASC comprises not more than 20/o, that it is possible to 
recognize permissible. When M=2 a decrease in the sutput voltage 


comprises already 40/0. 


The harmonics, which appear in output current with modulation, 
do not cause the throw of the pointer of indicator, if voltage of the 
generator, which feeds stator, does not contain harmonic components, 
But if the currents of harmonics occur/flow/last also through the 
stator, then the interaction of any harmonic of the output current, 
which takes place through the rotor, with the appropriat? harmonic in 


arMature curcent zsauses throw of pointer and, therefor2, 2rror,. 


Therefore to alsa inexpediently apply large modulation factors, since 





a 
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mo obtaining the current of the reference oscillator, free from 
oe 
harmonics, causes technical difficulties, 
The affect of modulation factor on the sensitivity 2£ radio 
direction finder is examined into §2.9. 
1 The sources 3f the errors in fixed loop radio compass are 
A 
aifferent emf, iirduced in the channel of the framework, besides the 
fundamental of emf, induced within framework itself by raseived 
signal, and also aodulation of tha voltages in other cascade/stages, 
except the balanced modulator. 
ly > pmaxe “ asians 
5 1 EaEp mane $1980 
1 
0 50" 6 60° = 90? 0 05 1 45 2 E/E, 
7 8,4. rig 8.5 
: Fig. 8.4. Dependence of current in instrument on anglsa of rotation of 
be] 


‘framework without AGC. 


Fig. 8.5. Dependaica of deviation of indicator from modulation factor 


in the presence of AGC. 
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Page 420. 


Enf of antenna effect, which appears within the framework 
(§4.2), and eaf, induced in it different kind by return asitters ! 
(§5.3), it is possible to decompose on two components: finding in 
phase fron tha fuadamental of emf of the framework and shifted 


relative to it on phase to 90% 


FOOTNOTE 1. Ratuc1a emitters induce supplementary emf not only in the 
Circuit of the framework as in the case of antenna effect, but also 
in the circuit of the open antenna, which leads to the onset of 
supplementary error from nonphase field component of carcadiation, not 
taken into consij2ration (8.8) and (8.9)% Supplementary error is 
observed independent cf the accuracy of the phasing of the channels 
ef the framework and aatenna and of the tuning precision »9f receiver 
to signal. It is possible to show that the supplementary error is 
proportional to the square of the relation of the amplituies of the 
fieli of reradiation and ground field and usually weight is small. 


ENDFOOTNOTE. 


The first of them causes the same errors as in direction Einder with 


the installation sf the minimum on audition. The modulatai in the 
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f balanced modulator component, out of phase to 909, after addition 





I SSL 


3 
%; 
f) 
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| : from emf of antenia creates phase modulation in accordance with 
i (8.7). In the accurately inclined fixed Loop radio compa3s this phase 
be modulation does ast affect indicator. 
ae 
ae 
Me During inaccurately the channel checkup of the framesork, phase 
a : displacement @ can prove to he different from zero. AS a result of a 
i phase displacement in the channel of the framework, th2 naonphase 4 
Wee component of antenna effect differs from emf of antenna (Fig. 8.6) x 
ie not by 909, but at an angle of 90° + @ it contains cophasil from enuf 4 
4 of antenna coaponant E£, sing. where £, are emf of tha nonphasa : 
component of antenna effect at the point of addition. Moialation 3 | 
: ; factor besomes equal to ; 
a a 
M-= i cos 9 sift 6 -- a sin 9. 4 
& 4 
i 
| z 
t ert aes 


See ae AT AREY EE TR GOST SLY aR Le = : 
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Eg 


E,sos psing 


Fige 8.6. Vector failure diagram under the effect of the 
extra-phase anteaia effect: a) with a precise phasing of the channel 


of the framework; b) in the presence of phase displacement in the 


channel of the fcamework. 
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Modulation factor anu tugether with it the throw of the pointer of 
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indicator they aca turned into zero not with 6 = 0, but when 6 = Ay. 


Error is ietecminad from expression M-=-0, 1e@e, 


sind, = 5" 189. (8.8) 


If a =0.1, then phase displacement must not exceai 22° so that 
the error will ba less than 29°, The phase modulated signal, caused by 
antenna effect, can lead to errors also with the detuning of receiver 
relative to signal frequency. Due to detuning phase m>iulation is 
converted into anplitude cn the camps of resonance curve with further 
detection by usual detector. The outpuri current of datastoar conrains 
component modulation frequencies, caused by antenna effacst, over that 
component which is due ta the normal action of frame emf. Both these 
components compensate for each other, ani full current is equal to 
zero in tne position of the framework, different from the position, 
which corresponds to hearing, to the angle of bearing accor Az. Erroc 
Ag is proportional to relative value of nonphase antenna affect, to 
modulation frequaacy F and to the slope of curve of resonance f* (Af) 


at this detuning Af: 


te FO BS 
i= ae (8.9) 


N 


th[ in 
20 |x 
ina 


The slope of surv3 of resonance depends on the degree of ietuninyg andj 


structure of selestive system. 
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Table 8.1. Relative slope of curve of resonance on the band edge of 


transmission. 


: fc ow : 
Caabo cbaseumac KonTypH | ada done spa 


¢ 
fboanseeauian 





Hpi Korte > 











Poe 1 | 2 | 3 | 4 CKO consi = 
Otnacuteabuan| 0,5 | 0,59 | 0,63 | 0,69 0,65 ae 
KpyTuaHa 
Bf’ (4f) 
fap | 


Key: (1). Salective system, (2). Weakly coupled circuits. (3)- Two 


Ducts in critical coupling. (4). Relative slope/transconductance. 
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fable 8.1 gives zorrected values of the relative 
slope/transconductance of resonance curve on the band 2132 of 


transmission B, iee., when Af = 0.5B, for different selective 


systems. 


If wa on bani edge allow error 1.5° when z=0,12, then passband 


Must be B > 3F. 





=e 
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Another source of the supplementary of emf in the channel of the 
framework are the direct/straight communication/connections between 
antenna circuit and the channel oi: the framework. In theic action 
they are completely analogous to antenna effect. The hoo ups of 
antenna with the shannel of the framework bear chiefly capacitive 
charactar and induce on the grids of tubes JJ, and vy, co-phased 
voltages. For th2 determination of the oatput effect of cophasal grid 
voltages of the tubes of the balanced modulator, it is SS serbie: v6 
use eyuations {8,2) and (8.3), changing in any of them signs for 
reverse/inverse and understanding by E the value of parasitic emf. 
During th2 addition of currents, the terms 2a,E,E Sin Jt mutually are 
compensat2d ani sunmed current does not contain by the component 
modulated fundamental modulation frequenty. Complete conpansation 
occurs with equality in the absolute value of currents /,, ani /,,. 
During the imbalance, caused by the dissimilarity of tubas (different 
coefficients az for tubes yj, and J/,) or by the inequality of the 
voltages of low freyuency, subjects on both tubes, the compensation 
is disrupted and output current contains component modulation 
frequencies, whici causes the errors in readings of indicator. 
Version mentioned above second cf the switcuing on of the tubes of 
the balanced modulator when voltages from the framework ate fed to 
both grids cophasally, worse than the first version in tna relation 


to effect the inlaced by antenna voltages, since parasitic voltages 


operate in it just as the voltaye of the framework. 


dist asi KaSic tthe» li ie wis est SU ic en SMM ne ha tat ed bc se 1 hk ites cust: aia a vada pea Sid abrtieusitt hiesiaile xalabcbaa 
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Very powectful signals are accompanied hy errors, sinze the a 
overloading of tha cascade/stayes of receiver Causes th? appearance 
of harmonics of adsdulation trequency. The latter interact with the 
I harmonics of the surrent of the reference oscillation and can cause 


supplement ary heacing error. 





AS indicatot it is possible to apply the instrumant of direct 
if current. For its ase it is necessary to rectify the output voltage of of 


receiver with the aid of balance detector. —— 
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8.2. The automatic direction finders WITH the servomechanaisa (radio 





compasses) . 


In this type radio direction finders bearing is jatartmined by é 





automatic unit by the antenna of system to the position of bearing 


with the aid of servo systen. a 


Figures 8.7 jJepicts the block diagram of radiv dicection finder a 








as ste - nT a ce Die Ea ee 
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with the servomacaianism. Voltage from with the antenna of system is 


be 


i fed to receiver. The output voltage of receiver with th2 aid of 


| control circuit controls the motor which establish/installs antenna 


* hs Pedant: 


system in the position of bearing, The output voltages of receiver x 





must satisfy the following conditions: 


1) stress must be egual to zero in the position of b2aring, 


since motor in this position must remain notionless; 


2) during daviation by the antenna of system from th2 position E 

of bearing to one or another side output voltages must reverse the 3 
_ sign (or phase) so that the motor rotates to the proper sile, iwe@e, in 4 
; the direction, raturning antenna system to the position of bearing. ; 


The placed conditions they satisfy radio direction finders with 





the reading of bearing on the minimum of the depth of aodulation. 
This direction-fiading method is simpler than others, it makes it 
possible to carry out an automatic unit of antenna to the position of 
. bearing. Radio direction finders with tha automatic unit df the 
| framework into th2 position of bearing, the operating from method 
determinations of minimum (zero) of modulation with crsirassoidal 
radiation pattarn, they are calied radio compasses. [The field of 


application of radio compasses the same as fixed loop radio 


comp .sses, aiccraft cadio navigation. 
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Fig. 8.7. Block diagram of radio direction finder with 


t 


servonechanisa. 


Key: (1). Antenna., (2). Receiver. (3). Cont. diagran. 


Their fundamental operating advantage is that the operator is 
free/released fron the search by hand for the position of bearing and 
from supplementary operations regarding side. Furthermore, is 
realized continuously the indication of the value of bearing during 
his changes. The antenna system of radio compass can be referred up 
to certain distance from operator, and this considerably facilitates 
the location of radio direction fiader for the objective, especially 


on aircraft. 


Antenna systams and the receptors of radio compass aad fixed 





te 


wh 


ae, Pa 
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loop radid compass are analogous. Output ceceiver current which in 


fixed loop raiio tompass supplies the indicator of bearing, in radio 


compass is utilized for roll contcol of motor. The powar 39f output 


receiver currents is insufficient for the darect rotation of motor. 
For power gain, ace applied amplifiers: tube, thyratroa, wagnetic, 
etc. 


Figures 8.8 jlepicts the widespread control circuit with the 


magnetic anplifiers 4, and Mz. Since control of magnatis amplifiers 


is conducted by dicect current, between the receiver and magnetic 
amplifiers is placed balance detector (tubes 7, and 7), the 
rectifyinj output receiver current with the 


preservation/retention/maintaining of sign with respact t> the phase 


output current. 
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Pig. 8.8. Control circuit of radio compass. 


Key: (1). Supply voltage of motor. (2). Reference gen2rator. 
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The output voltaja of the receiver of the frequency of losal 


modulation U,sings is fed to the grids of tubes .7, and Ts 
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ES 9 E 
é antiphase. To th3ir anodes is fed the co-phased voltage of the same 3 
gE; . frequency from ta2 reference oscillation. Tubes work in the 4 
Pa mode/conditions of anode rectification on the lower beni of 3 
. characteristic (jgcid bias L.n) If the output voltage of receiver is 2g 
S equal to zero, tha anode currents of both tubes are idjantical. Is E 
ee identical the value of the magnetization of the arms of magnetic :. 
te amplifiers I and [1. If output voltage not is equal to z3ro and its a 
- : phase coincides with the phase of reference voltage on the anode of a 
tube ./;. its anoda current, that takes place on the control winding 

of the magnetic anplifier M, grow/rises, but che anode current J, a 
hy ‘ 
‘ 


which takas placa through winding Mp, falls. With respect to this and 
the maynetizatioa of core I is greater than the magnetization of core 
II, With an alternation in the phase of output current, tre 


Magnetization of acm II becomes more than arm I. 


Magnetic amplifiers are included according to bridge circuit. 
Bridge is comprised from inductance L', and L', of magnatic 
amplifiers and inductance Ly; and L, of secondary windings vf the 
feeding transfornaar. Feed is conducted from the gr id/network of 
alternating current. Output voltage is remove/taken from the diagonal 
of bridge ab. During the identical magnetization of th2 s»res of both 
Magnetic amplifiers, the h'* ‘ge is balanced and voltaye on diagonal 
ab is equal to zero. When unuer the effect of signal 912 9f the cores 


(for 2xample, I) it is magnetized more powerful than another, the 


meee ge 
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inductanc2 of wialing L', falls, current in it grow/rises, bridge 





balance is disrupted and the voltage at point a becomes above than at 
point & In load flows the current from a to b. During taa more 
powerful nagnetization of another core, the current in load flows to 
reverse side from one b to next. Thus, with an alternatiaa ia the 


phase of output caceiver current changes the phase of the current, 


which feeds motor D. 


As motor for the rotation of the framework, is 15 commorly used 
two-phase induction motor. One Of its windings is suppli2i from 
network of alternating current, the second, control winding, by the 
output voltage of magnetic amplifiers trom diagonal ab. Currents in 
supply-line and control windings must be out of phase to 30°, which 


is achiavad hy tha selection of capacitors Cy, and Ca. 
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Then appears the cevolving magnetic field, which carries along 


_Short-cirsuited cotor P. With an alternation in the phase of current 


in control winding to 180° phase displacement of its relative to 
curreat in supply-line winding it stops - 90° magnetic fieid and 
rotor P rotate t3 reverse side. The rate of the rotation of motor is 


high. For its decrease between the motor and the framework, is placed 


the reducer. 


Engine torqua is proportional to currezt in contcol winding, who 
is proportional to the output voltage of receiver, ies, to the sine 
of the angle of daflection of the framework from the position of 
bearing. Because of friction in the cell/elenents of systam (in 
motor, the bearings of the framework, reducer) the motor begins to 
rotate only if its torsional moment will exceed friction moment and, 
therefore, when the deflection of the framework will be the more than 
determinei minimus angie, called the angle of insensitivity, or dead 
angle. Changes in the bearing less than this angle, they are not 


mastered by servo system. Dead angle must be small in comparison with 


the permissible error of system. Decreasas in the deaa angle reach 
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because of the us2 of a system with minimum friction gsomant and the 


selection of sufficient horsepower. 


The most important parameters of servo system are its 
aperiodicity, set-up time, the speed of final adjustment and dynamic 


error. 


Servo system must be aperiodic. During the deflection of the 
framework from the position of bearing, the system must rcaturn it to 
the position of baaring without oscillations, i.e, without the 
transitions through the position of equilibrium to one ani another 
side. For providing the aperiodicity, must have tae proper value 
braking couple on the shaft of engine, for which are utilized the 
supplementary hiniering devices. Their braking couple must be 
proportional to the rotational speed. Under this condition it does 
not affect sensitivity, since in rest position its action does not 


manifest itself. 


The tine of establishment he is called tine interval from the 
torgue/nmoment of the deflection of the framework from the position of 
bearing t> the torque/moment when servo system returns tha framework 


to position of equilibrium. Set-up time determines the mininun 


duration of signal, by which can be undertaken the bearing. 
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Periodic voltages, for example stress component Of noises, which 
operate on servo system, are not caused the noticeable motion of 
motor, if their period is shorter than the set-up tine. The band of 
the frequencies of the transmission of systea inversely proportional 


to set-up time. The value of set-up time is usually 5-15 s. 


The speed of final adjustaent is called that maxiaum angular 
rate of rotation of the framework Onpam—=4- which is provided by servo 
system. This value has a value during a continuous chanj2 in the 
bearing, for exaaple the bearing of motionless station in flight of 
aircraft. The usual angular rates are s#zall, and obtaining a 


sufficient rate of final adjustment does not reptesent difficulties. 


Dynagic arroc arises during a continuous chanye in the bearing 
as a result of the time lag of servo systea. This erroc must be smail 
in comparison with the common/general/stotal error of radio direction 


finder. 


The methods of the calculation of control systems are the 


object/subject of special discipline [2.4, 2.5] and hara they are not 


brought. 
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4 For the transaission of the position of the framework, is 7g 
applied the remot2 system: flexible shaft, selsyn transmission, etc. a 


Operator reads bearing on repeater. The transmission system of angle 4 


gust not introduca errors. = 





Radio compass kas two positions of equilibrius in accordance 


\ with two zeros in the cadiation pattern of the framework. One of 
; these positions stable: during a change in it at the output of 


receiver, appears the voltage, which sets to sotion servo systen to 





the side of a decrease in the deflection. To the second position of 


~~ 


, equilibrium, a change in the framework causeS the reverse on phase g 
voltage, which sets servo system to motioa to the sida of an increase 
in the deflection. Thus, the second position of equilibrium is a 


unstable. Radio compass gives one-sided bearing. 
fc 
Page 428. d 


Reasons for the errors in radio compass the same as in fixed : 
loop radio compass. Besides, that, are possible the dynazic error of 


servo System and the error of the system of the teletransmission of : 


angles: These two components of errors can be made very small. a 


In radio compasses is applied a modulation factor less than 


unit, since overmsdulation is unfavorable for the work of servo x 
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system due to the appearance of sections with transimpedance on the 
characteristics of the dependence of the output voltage 9f receiver 


from the angle of rotation of the framework (Pig. 8.5). 


Besijes antennas with cosinusoidal radiation pattern, as in 
fixed loop radio compasses, in radio cospasses it is possible to 


utilize the pencil-beam antennas. 


The construction of circuit and in this case is woSt convenient 
during use for tha direction finding of the aethod of detaraining the 
mininug of the depth of sodulation. With the pencil-baaa antennas are 
created two those who were displaced to certain angle of the 
radiation pattern whose commutation forms sodulated valtazge with the 
depth of modulation, determined by deflection from the position of 


bearing (see Fig. 2.15). 


As a result of the sharpness of radiation pattern, is feasible 
the reception only in the sector, equal to the aperture iagte of ! 
diagrams. If is necessary direction finding from any directions, 
provide for two mode/conditions - search acde with long running by 


the antenna of system and the pode/conditions of tracking in sector. 


Radio diraction finders of the type in guestion are applied 


mainly at the 


superhigh frequencies for which easily are fulfilled 
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the antennas with acute/sharp radiation pattern. 


8.3. Two-shannel automatic direction finder with visible reading of 


bearing. 


Figures 8.9 iepicts the block diagraa of this tadio jirection 
finder. Voltages from two mutually perpendicular framework or the 
pairs of the spaced antennas are connected to the input of receiving 
indicator. Receiving indicator consists of two sadio receiving 
equipsent. Figure depicts the receivers according to superheterodyne 


circuit, which have common/general/total heterodynes and tuned by one 


knob/stick. 
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The output voltagas of the IF amplifiers of receivers are fed to the 


deflector plates of cathode-ray tube - the indicator of bearings. 


Zn radio diraction finder can be used yoniometric antenna systen 
from a of the spaced antennas. Then receivecs are connected to by 


antenna to the system through the coordinate transforaer (goniometer 


with two mutually perpendicular search coils). 
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Kn correct wotk with the antenna of the system of voltage on the 


inputs of receivers, they will be 


€,.7=— Ep, cos sin of = £,, cos 6 sin wf, 
gg = Ep, sin § sin wf = £,, sin 9 sin wf, 


where £ is strength of the field of the oriented radio station; Ps— 


is effectiveness by the antenna of systen. 


Let us desijaate by ky, kg the factors of amplification of the 


receivers; 
k, = kel and ky cad hyo! 
where k;, kz are aodule/moduli of amplification factors; 


@.- #2 - the phase shifts of the voltages in the circsuits of 


receivers. 


The output voltage of the first receiver @4,, usally called 
uptake, is connected to the vertical deflector plates of cathode-ray 


tube, moreover 


€;, =k, En, cos sin (wy,,t — ¢,), 


where “n—is an intermediate frequency of receivers, 
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fopusonmanenend Kanaan (3) 
‘Pig. 8.9. Block diagrar of two-channel radio direction finder. 


Key: (1). Uptake. (2). heterodyne. (3). Tanyential channel. 
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The dutput voltage of the second receiver e2,, Callei horizontal 
channel, is connected to the horizontal plates of tube and 
lu = h,Em Sin 9 sin (ont — 9,). 
tet in the ijeal case the receivers be ahsolutely identical, 
i,e., ky = Ko = Kg and #, = 42 = 9, and the sensitivity of tube by 
vertical and horizontal plates is differing and equal to k. Then the 
trajectory of the sotion of electron beam along tube face will be 
Straight line, inclined relative to the axis of Symmetry in vertical 
plates to the angle, determined from the expression 
KhoE mn in O sin (won pf — Ys) 


oS EE eb wi iri ate, aa, : 
tgs keke Em cos O5in (Ww, of — 99) tgl,a=. (8 10) 


Placing on the tube a scale with divisions 0-360° so that divisions 0 
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and 180° will hit to the axis of the symmetry of tube, passing 
through vertical plates, on the glowing strip on screen, it is 
possible to count off two-place radio bearing. (Methods 3f 
determining the side will be presented lower). The length of the 
glowing strip is proportional to the strength of the fieli of the 


oriented radio station. 


The lissimilarity of the module/noduli of the factors of 
amplification of ceceivers and the appearance of a phase difference 
of tae output voltages of receivers in two-channel receiving 
indicator affects so, as dissimilarity of etfective height and the 
presence of a phase difference is such of the framework of 


goniometric systea (see § 4.6). 


Let the module/moduli of the factors of amplification of 
receivers be equal, i,e., k2/k,y = a # 1, but a phase difference is 
absent. Then the iwage of bearing on the screen of cathode-ray tube 
is obtained in the form of the line the angle of location of which 
differs from azisuth by cadio station by the value, detecained by 


formula (4.16) 


Page 431. 
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The gwaxinum value of error 


(4. 18) : 


Aimac is determined from expression 





tg Amano = fia Be 











The direction Guanes OY which the error has saximua value Aimaxes : 





is 
deternmineil from the expression 
Dimane = + are cos = 7 
For values a, close to 1, the error has quadratic character, moreover 


ms ae e a—} 
4, = i sin 25 wt (a— 1)sin 29 aad Amano = ~Z- 


During the considerable deflection of a from 1 quadratic law is 


disrupted. From (4.18) it follcws so that the error would be not more 
than 0.5% is admissible a difference in the amplification of 


receivers not mor2 than approximately 20/o. 


Let the module/moduli of the factors of amplification of 


receivers be identical, but the output voltages of receivers are 
distinguished by the phase: 
€,, == £,,, COSUSIN Opt, 


4, = Ey, sin 9 sin (gpl — 9), 
where £,,,—=Epoko; 


@- a phase jifference between the output voltages of receivers. 


In this case on tube face, is obtained the ellipse (Fig. 


8..10)whosa equation in polar coordinates has an expression (I11.2). 
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The angle of the slope of the transverse of the relatively vertical 
axis of tube is deterained by foraula (4.9) 


t8 2asnn = tg 20 cos 2, 
Page 432. 


tf bearing is is counted off along the transverse then is 


obtained the erroc Ag = a - @ which is designed from formula (4.20) 


tg? as sin 45 


tg 26,=-— (8.11) 3 





1 tgtt cos.4b 
For small A, the value of error can be determined by the formula 
j tg?) sin 49 


A, = —-- -- 
a ) ° 
1— tg? y cos 4g 








3 (8.12) 


The maximum arroc Aiaxe and the angle OQjac,, Which corcesponds to 
this error, are daterained by the formulas 


1 l—cos 
A ee A EOE 
| aman | 4 Vos ¢ _ 





i 
amano == 7 ate cos (te? $): 


The ratio of the ainor axis of ellipse to large has exprassion (4. 21) 
At _I1—Vi—si n? 29 sindy 


B21 + Vi —sin® 20 sinty 


At low value #, counting sing = 9, /cosg=1, #e obtain 


3 ’ 
A, = — 4 sin 44, [Savane [== @? kad for | —=22,5°, 


ene a A 
-— — - of io" 
(+) 7 sin’ 2h, Cf) 


=} rad for 9=45° 


Mane 


Nha Has 
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With small » the error is octant, with au increase * is 


developed bioctant component (law sin 88). 


Pur obtaininj accuracy of reading of approximately 1°, is 
permissible a phase difference of output voltages not more than 20° 


(in this case A/B gz 1/5). 
Page 433. 


When ® = 90° equation of ellipse (III.2) is convertei into 


canonical: 
ELAN He iol 1 


UU 
In this case with any @ the axes of ellipse coincsije with the 


coordinate axes and direction finding is impossible. 


Tt shouli be noted that with the reading of bearing on ellipse 
increases the subjective error of reading, It can be decraased (but 
it is not removed) by the application/use of the movable Sight whose 
line operator attampts to establish/install so that it had been 


seemingly principal axis of ellipse. 


The effect of joint action of the dissimilarity >of the 
amplification of receivers and presence of a phase difference of the 


output voltages will be the same as in case examined earlier general 








OE SRE TREE APATITES AMER AREDS 5 TREE WER GREET 6 ATS CLT ae RTM SRDS PRR SE ERE GTN HR ES EO OR TE RTS EEO gw TE apf Se eres a 
zs ie oka aa caiaath mas — = eas * Arca Aapcany somenyatiyte mitry i trate fectersee tented ae 





doc = 77223221 PAGE ‘40 


997 


of the dissimilarity of the resistor/resistance of the framework in 


ee 


value and on phasa (§4.6). 


The conclusiodu/derivations, obtained into &.6 in the 


SS Set oad inal ibd ata dla Clade ati ge 


ry 


a examination of the comnmunication/connection between the framework and 


the field coils of goniometer in gonioszetric systesa of two framework, 


K are used to two-channel receiving indicator. 
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Visual selectivity. ; 

4 

9 

3 

Two-shannel ceception indicator devices with cathode-ray tube as z 

: 

ae indicator, under the condition of the linearity of processes in : 
receiving circuits, possess the important property which calls visual ; 

selectivity. The essence of this property consists in the following. 

With the incidenca/iapingeaent of two signals with frequeacies of fy, : 

and f, into the passband of receivers, is feasible the reading of : 

bearings to both radio stations in their simultaneous work, if the : 

1 strength of the field of signals is such, that they give 
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cosseasurable traces. Let uS examine first the physical processes, 


which occur on scope. Let us designate f, - f, = Af. 


Under the effect only of first variation of frequency f, and 


under the condition of the identity of channels for amplification ana 


phase blurs, of baaring on Screen will be in the form of straight 


line ab (Fig. 8.1¥a). Action only of signal with a frequency of f, 


gives the bearing, determined by direct/straight CD. During the 
combined action of signals with frequencies of £, and f, which 
storefadd up according to the principle of superposition, electron 
beam describes complex trajectory. The addition of trajectories with 
different frequensies can be replaced vith the addition of 
eguifrequent trajectories, which have the phase difference, which is 


Ghanged in time from 0 to 360° with period 1/4f. 


If a phase difference of voltage with frequencies oF f, and fa 
changes not continuously, but irregulariy after each dt = 1/f, s on 
(360eaf/£,). then for the discrete interval of time At on screen are 


drawn ellipses with different by the relation of semi-axas and by 


orientation. 


If a phase difference is equal to 0 or 160° the resulting 


MV Te: 
trajectory will be in the form of line Mm or PL. During a change in dg 


the phase iifference from 0 to 909 and from 180 to 270° ellipticity 
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increases, while during a change in the phase differenca from 90 to 
180° and from 270° to 360° = it decreases. Simultaneously with a 
chauge in the fork of ellipse during a change in the phase difference 
is changed the orientation of its major axis from position of Mn to 


PL and conversely. 


During the period of the beatings of the frequencies of the 
radio stations t/af, i.e, for time of a change in the phase 
differeace from 0 to 360°, occurs the complete cycle of the 


transforas of imajes on screen {into one and another side). 
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Page 435. 
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Pig. 8.11. Image of bearings of two radio stations: a) Jeneral view Sm 
of parallelogram and bearings of first and second radio stations; b) E 
exenplary/approxinate form of trajectory of ray/beaa and 

formationfeducation of parallelogram for tise tae ap! c) a 


paxral@elogram of bearings on screen of cathode-ray tube. oe 
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Page 436, 


The envelope of all motions of electron bean along screen forms the 


parallelogran whose sides are parallel to lines of beacing on radio 


station with frequencies of f£, and f,, and diagonals are lines Mn and 


PLe 


Since in actuality a phase difference changes continuously in 
time, the trajectory of ray/beam will be continuously aoved spiral 
whose component/link is formed during the period of frequency Af and 
it takes the fora of ellipse with the continuously changing 
parameters (orientation and the relationship/ratio of ax2s). The 
exemplary/approxiaate form of trajectory for time of a change in the 
phases from 0 to 180° is shown in Fig. 8 ttb. The number of drawn 


ellipses in parallelogram is usually great. 


For example for Af = 1 kHz and f, = 50 kHz the nusbar of 
ellipses will be f,yaf = 50. Therefore separate ellipses are 


imperceptible, on screea is obtained the lit parallelograa. 


Analytical solution to problem and obtaining the eyuations of 
the enveloping component/links of spiral for the target/purpose of 
simplification ara carried out for the case when bearing of one of 


the two radio stations is 0-180° or 90-270°. 
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Let into tha passband of receiving channels fall the signals of 
two radio stations in the form of sustained oscillations with 
frequencias w, ani wz. The bearing of the first radio station 6, and 
beaa deflection on tube face along the axes OX aad OY thay will be 

xy U, sino, 
uy, =U,,sin wf, 
Rere U,, = kU), sin 0,5 U) = kU, cos 4; k - factor of proportionality 


(sensjtivity of tube). 


fhe bearing 2f the second radio station is taken equal to 0 (@, 
= 0}, and the beaa deflection under the effect of the output 


voltages, caused by the signal of the second Cadio station, 
x, ==0, 


‘=U, sine, 


where U,,=kU,,,. 
Page 437. 
fhe combined action of the voltages of the signals of the first 


and second radio stations will lead to the resulting beam deflections 


along the axes 


AX bv =Ysinw,!, (R.1:3) 
Y=, + y= U,, sin of LU ysino,f. (8.14) 





a 





ad hc A als aS RR RS LD 












“hits 


“at mre 


ar 400 
ee te ee eo ere cn enue 


a pcan Semilicciteniaal his nid wie 3g ak 


Lo Ber Se cities ie rae a iP a Tbe nes 0 IB MREET NE 


boc = 77223221 PAGE AF 306 
Let us desigaate wy * w, + Aw and convert 8.13) and (8.14). The 
equation of motion of ahaa te beam vill be 
y+ “(i wg peat " cosa |— 


ua 


— 204 (G+ “Pit cosAwt \—U!, sin’ Auf =), 


After substitutinj values .{/,,U,, and U,,, we will obtain 


yen? (stati +2 vets os) = 


UV? sin?@, Ory sturd 
— vy (ctea, tia ain 6,08 ot )—kU2 sin? dof <0: 
(8.15) 

The obtained equation is the equatiorg. of the spiral, in which 
continuously change the form of component/links and their 
orientation. The form of component/links is very close to elliptical, 
the frequancy of a change in form and orientation of conponent/links 
is equal to Aw. For determining the enveloping compoiuent/Links of 


spiral, one should solve together two systems of equations [1.17]: 





a a ywg © Oy (x, dust) . 
y(x, Aol) =O 47 “Theat -=0, (8,16) 
. it d Ox (4, dof) = 
X(y, Awf)==0 Aa sian 0, (8.17) 


Solution for {8.16) takes the fora 
y=xetg 4, =m kU ma: ]: (8,18) 


Page 438, 


This equation of two sides of parallelograa, parallel the lines of 
bearing of the first radio station. Solution to equations (8.17) 


gives 


X= a: kU,, sind. (8.19) 
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This equation of two directy/straight, parallel axis cf tha ordinates, 


which form other two sides of parallelogram (@, = 0). 


As al.ieady mantioned earlier, the ainimum time, nacessary for 
the formation/cducation of the parallelogram of visual selectivity, 
comprises fun). rt should be noted that the relationship/ratio of 
the stcengths of the fields of radio stations for time of the 
formation,'education of parallelogram sust not change. Itherwise, for 


example with fadings, is impeded the use of visual selectivity. 


Practice shows that minimum value af = f, - £, with which to 
-ufficient easily it is possible count off bearings on parallelogran 


on tube face without afterglow, it is approximately 10 He. 


For the reading of bearings on parallelogram in pacallel to the 
fundamental line of sight to the right and to the left of it they 
will deposit even on several lines. With direction finding are 
combined these lines with the sides of parallelogram, taking a 


reading on fundamental line. 


The parallelogram of the bearings of two radio statians is shown 


in Fig. 8.11c. 
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In the case of the incidence/inpingement into the passband of 
sensing transducers of three radio stat.ons on screen, is observed 
the parallelepiped, from the sides cf faces of which also are 


determined the bearings to all three radio stations (Fig. 8.12). 


Visual selectivity is possible with cue modulated in signal 
amplitude, but in this case the sides of parallelogras aca somewhat. 


are diffuse and the subjective errors of reading grow/rise. 


The directioa finding simultaneously of working radio stations 
substantially is facilitated, if their siynals telegraph and 
manipulated in auplitude, since on the screen of cathode-ray tube 
Simultaneously vith parallelogram (in the case of two cadio stations) 
oc parallelepiped (in the case of three radio stations) acre visible 
the images of the bearings of individual radio stations, which 
correspond thereby to the torque/mogents of the time whea emits one 


of the radio stations. 


Page 439. 


Requirements for ceceiving channels. 
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The specifics character of the work of each channel of 
two-channel receiving indicator is first of all deterainel by the 
facts that depending on the agiauth of signal amplitude at the inputs 


of channels they vary from 0 to En. 


Consequently, both channels must have strictly linear amplitude 
Gharacteristic within the ligsits of entire possible amplitude range 
of signal. Linitations on linearity begin first of all for maxinun 


aaplitudes, sinca can occur the overloading of final stages of one of 


the channels. 
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| Pig. 8.12. Image »f bearings of three radio stations. 
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Output beyond the limits of the linear section of anplitude 
characteristic of one of the channels is equivalent to a change in 
the factor of amplification of this channel, which is led to the 


errors of direction finding, determined by formula (4.16). 


{Is feasible the case when the overloading of some cascade/stages 


of channel occurs under the effect of the sufficiently powerful 


3 
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enissicn/radiation of radio station, adjacent in frequency to that 
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which is oriented and sometimes even not giving display. Let us 
examine this case for amplifier and transformative cascalia/stages. 
The nodule/noduli of the factors of amplification of receiving 


channels in general fora can be presented as 
k= TT 2S) Ryn, - .. (8,20) 


inl 


n : Dashed ; 
= Wey SR, : (8.21) 
isl 
where /:— is the parameter, determined by the type of the resonance 


Ld ad shdededam’, gtd >. el ig ie tenis ay isi ag Pr eee 


systeas, used in receiving chanael; 





S;— the slope/transconductance of the anode-grii 





characteristic of tube; 


% 
k 
i 
2 
4 
4 
* 


Bowed ad 


Ryi— the resonance resistor/resistarce of the i cassade/stage; 


Riek ge ag 8 


m ~ the number of cascade/stages in channel. 


o If one assumas that as a result of applying the ijiffarent 
methods of the stabilization of the parameters the corresponding 


values WWuRs ana M7,,4,,, ave made identical, then 


izal ix] 


ahi: my Si 3 
a=j=[]5“ . ; 
Szaf : 

Let us assuaa that for the assigned level of useful signal by 
the adjustment of the slope/transconductance of the tubes of channels 


it is obtained by a = 1 and the amplification of signal ia channels 
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31 
occurs on the linaar section of amplitude characteristic. Let on the 
grid of the cascade/stage of resonant aaplification oparate the 
signal uc-Uncsinwct and interference yy<Umnsinwsl, aoreover in the 


presence only of signal amplifier works without overloadiags. 


Page #41. 


Let us examine the case whan disturbing voltage {),,, is 
considerably greater than signal Um: but in the region of grid 
curreats, still it does not gow Interference effect aspasially is 
strong in the first cascade/stages of receiver, since in the 
subsequent cascade/stages interference is attenuate/weakened as a 
result of selectivity. Let us examine therefore only first 
cascade/stages. The presence in the first cascade/stages of 
disturbing voltage, which envelopes into the region of grid currents, 


is highly improbable. 


The presence of interference changes the slope/traxusconductance 


of tube for the fundamental harmonic of anode current vith S, on 


s ! uw me 
[1.1, page 71]: S,= SHES? + SMU! +. 


aay 


i ia wr ty 
Syn =S4 3S U3, 7s"? aS Ur + 
| sens 72 2 
Tass" Dante aay 


where S, is slope/transconductance of the tube for I 9f the harmonic 


of anode current under the effect only of signal; 
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Siim-the same under the effect of signal and interferences. 


After consijaring thatUnc<Uinn,and after being restricted by 





teras of expansions with degrees U,,, it is not higher than the second 


and s#**t, it is possible to obtain 
1.5" 1s” 


‘os =u? i cate ~ y? uv 
Aya 1 + <2 a 8 — sh ‘ (8.22) Ri. 
Ss 2 = 
+a i > Ue E 
Further simplification in expression (8.22) we will obtain, ; 
a 
taking into account that S****ysS is very small for the majority of ‘ 
Um Cc < Un ng y 
tubes, a Then forsula for @n will be 


3 
a 
; 
Pe) 
y 
i 
¥ 
4 
3 
3 
3 


ay=1+-6, 


ban LS" 2 
where a 


Being given the parmissible error of direction finding from 
overloading by interference Ajon and after determining the allowed 
value Sno, we will obtain 

Urn nxon@2 | Vii Ca . (8,23) 


Page 442. 


For the case of signal in the form of sustained oscillations and 
interferences in the form of the modulated by tone oscillation with a 


modulation factor of MN, it is possible to obtain 


yl <2l/f passe 5 (8.24) 


mit fon 





1 -- 2a” 











ae 


fa FS 





t. 


aiden Oe es 


i ei ee te 


DOC = 797223221 PAGE @z 


Qi 


In the case af the overloading of the mixer of ineguality (823) 
and (8.24) they will be valid also, if we instead of S$ and S** take 


conversion conductance S,, and its second derivative S’np- 


In such a way as to attenuate/weaken the effect of overloading 
by interference on the accuracy of direction finding, it is necessary 
to select opetating region on the characteristic of the tube of 
amplifier 4.=/(U,) in area of low values $**/S and this 
mode/conditions of transform so that St will be mininun. 

The incorrect distribution of amplification and selestivity 
according to recaiving circuit, for exasple when passband sharply 
becores narrow in the output stages, and the conmmon/general/total 
factor of amplification of the preceding/previous cascada/stages is 
already sufficiently great, it can lead to the overloading of 


texcminal and penultimate cascade/stages by the very powarful 


interference, considerably detuned in frequency relative to signal. 


As a result »9f the weakening of interference by the resonance 
systems of the output stages, which stand after the overloaded 
cascade/stage, it is that commensurable with the mark of the bearing 


of signal smaller than its or in no way visible on sScraen cathode-ray 
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tube. This will not allow operator to note the action of 


interference, and the direction finding of signal will be produced 


with error. 


Therefore ducing the design of two-channel receiving indicators, 
it is necessary t). approach as far as possible to draw nearer the 
network elements, which determine the selectivity of racaiving 
circuit, the input of channel, and the cascade/stages, which 


determine the overall gain of channel, to arrange after then. 


For obtaining intensities of channels, it is necessary to have 


identical component values and tubes in channels. 


Page 443. 


To ensure tha maintenance of the equality of the parareters of 
the corresponiiny resonance circuits of channels is especially 
difficult in the circuits of hf amplification with their rcetuning. 
The errors, caused by the nonidentity of channels in high frequency, 
are unavoidable during a change in the tuning, since it is not 
possible to make a precise coupling of ducts. However, these errors 
Can be made sufficiently small, since the passbands of high-frequency 
circuits are comparatively great. After using special adjustments, it 


is possible even more to decrease them [8.16]. Requirenents for the 
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identity of the parameters of the cesonaace circuits of the 
harrow-hand circuits of intermediate frequency are highec, but they 


are here facilitated by the facts that the circuits are not 


reconstructed in Frequency 3}, 


FOOTNOTE 3. Investigation of the effect of the inequality of the 
paragaeters of the resonance circuits of channels during 


application/use in the cascade/stages cf single resonant circuits is 


given in [ 1.6, 1.9]. ENDFOOTNOTE. 


Flectron tubes have spread alony the slope/transconiuctance of 
the anode-grid characteristics of order +10-200/o on linear section 


and even larger spreads on curvilinear sections. 


Let us examine the question concerning egualization and gain 


control of channels by changing the grid bias voltages of tubes, 


By the adjustment of bias voltage U. and by the tuning of ducts 
into one of the caannels it is possible to attain the equality of 
amplification factors in any operating mode. The identity of channels 
is checked using the bearing of the pilot signal which is connected 


to the inputs of channels with identical amplitude and phase. 
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In the equality of the factors of amplification of channels in 


amplitude and phase in scope, is observed the line at an angle of 45° 
to axis 0- 180°. 


However, due to the duration of operations on measucament and 
equalization of the aaplification of channels, occurs the loss of the 
speed of the taking of bearing - the funiamental property, which 


characterizes two-channel radio direction finder. 


Tubes have the considerable spread of the dependencas 
Soom 1 = 5, Sy, Sy, renee Sa hy Uem) 


and 


Seow =S, 152153 wees Ss 1=l,Uen), 


where n=- a quantity of tubes in channel; 


Um— the bias voltage, conunon/ygenerai/total for all 


cascade/stages. 


Page 444. 


If we consider that the parameters of the resonance systems of 


channels are identical, the control characteristics of the 


thal ta 
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amplification of chanaels can be presented in the fora 


oe en ee 


&, Ven) ==NS jou (U, ») 


hy (UO, au) = NSoou uy en), 


cy 


where N= Tks a 


isl 
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The exemplary/approximate course of characteristics for a 


two-channel receiving indicator is shown in Fig. 8.13. 





The attempts to carry out a gain control of channels by one 





control with the preservation/retention/maintaining of the 


az 


satisfactory identity of channels are lel to very complex and 


unreliable circuits {8.16}. In this case, remanent/residusal 


ombaa do. 


nonidentity gives errors +o £2°, ageing and the exchange of tubes 
they require complex original alignments, but the dynamis range of 


control will be saall. 


For the fulfillment of the automatic flare function of the 
aaplification of channels with the possibility of gain control one by 


knob/stick, is applied the system in which is utilized special 


control signal. 


food 
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Pig. 8.13. Control characteristics of aaplitication of channels. 
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Conttol signal can be fora/shaped in receiving indicator itself 
or be formed from the oriented signal; and in that, ani ia the other 
case it xnust simultaneously be connected to the inputs of both 
channels. During the passage of control signal along raseiving 
channels, occurs the equalization of their amplification factor:.. 
Direction finding at this time is impossible; therefore for the 
useful work of dicection finder, control signal must be pulse with 
sufficiently lacge porosity. The frequency of filling of the radio 
pulse of control signal always must correspond to the resonance 


frequency of the tuning of receiving indicator. 


Let us examine one of the principles of the formation/education 
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Pig. 8.14 Circuit of formation/education of pulse control signal. 
Key: (1). Vertical channel. (2). Heterodyne. (3). Sm of signal 


control. (4). Signal. Control of pulses. (5). Triggering of 


videopulses. (6). Horizontal channel. 
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With the recaption of signal with frequency f.. and heterodyne 
with upper tuning = (fr>/c) in the mixers of channels is obtained 


the frequency 


frop=fr—fo. 


Then : 

Frese 

Thus, the frequency of high-frequency filling of the 
momentum/impulse/pulses of control signal, changing with the retuning 
of receiving indicator, always it remains to the equal casonance 
frequency of channel checkup. The momentum/impulse/pulses of control 
signal are fed to the inputs of channels. — 
If in 

this case the orianted signal is not disconnected from input circuits 
of channels, then so that it would not affect adjustmaat, control 


signal must be several times the more than received signal. 
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Bqualization of tae module/moduli of the factors of amplification of 


channels. 


Vv 


If ky # ko, the voltages of control signal on the outputs of 
channels will be also different. This difference can be utilized for 
the equalization 9f the amplification of channels. The simplest 
circuit of the egualization of amplification of one of th2 channels 
is depicted on Fij. 8.15. This is circuit AGC with delay. The peak 
detector of circuit works only during the supplying of the triggering 
video pulses, synchronized with the momentum/impulse/pulses of 
control signal. Duration and the repetition period of trigyer pulses 
are equal to duration (ty) and to repetition period (Ty) 
control signal. In time eneetvale Ty—ty, when is conducted 


direction fincéing, detector is closed. 
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Fig. 8.15. Circuit of the equalization of the amplification of - 


channel. 


Key: {1). Adjustable cascade/stages. (2). The output stage. (3). 


Filter. (4). Detector. (5). Triyger pulses. 
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Page 447, 


The controlliny voltage - Uc. that is obtained from detestion of 


a 


control signal, is fed through filter RC to control electrodes of the 
adjustable cascada/stages. The selection of the characteristics of 


the detectors, wocking it is s.parate in each channel, it makes it 


possible to obtain a good leveling of factors of amplification of 


channels. By the selection of the sufficiently slow response of the 


discharge of filter RC = (tp) they attain so that the 


achieved/ceached identity would not be disrupted in time intervals 
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between momentum/impulse/pulses when is conducted direction finding. 


If the time constant of the discharge of capacitrnce/capacity C 
of filter does not satisfy condition tp > Ty— ty, voltage on 
Capacitance/capacity © can considerably decrease for tine of the 


interval/yap between steering impulses and the amp)ification of 


Channels toward the end of each period 7y will increasa. As a result 


of the possible noncoincidoaiuce of the control charactaristics outside 
operating point, can chanye relation a = k,/k, for tise Ty—vy,, 


and this will leai to bearing error (Fig. 8.16). 
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Fig. 8.16. Onset »f bearing errors with the noncoincidence of control 


chacacteristics. 


Key: (1). Discharge of capacitance/capacity C. 


Page 448. 


Since each Subseyaent steering inpulse (with is sutficient the fast 
time constant 2f the charge of capacitance/capacity ©) is restored 
the balance of amplification, on scope with insufficiant 1 is 


observed the oscillation of line of bearing with freguanzy = 


and this causes fan-shaped imaye (Fig. 8.17). If simultanaously is 
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observed the ellipticity of figure or interference, the reading of 
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r bearing becomes impossible. 
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‘4 Let us deteraine the minimally permissible value T=RC at 


= 


re the assigned magnitude of +he permissible error of direction finding, 
" | caused by the discharge of capacitance/capacity C. In this case, let 
hae us consider that the control characteristics of amplification &,=/;(U-) 


and =/2(Uc) are uniform and are approximated by exponential SS 
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dependence, 1.2, =ke° where a is average mutual conductance 
P pe , 


Si ies ae 


of control; Ue displacement on control electrodes of the 
Ly adjustable tubes; ky is an initial value of the amplification factor 


when U,=0. 
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We take, that the time constants cf the discharge of the fiiters 
of each channel are equal to each other (%py == Thug = tp = RC) and that. 


toward the end of the duration of each steering impulse oscurs the 


absolute equalization of channels on the moduleymodulus of factor of 


amplification, i.@., 
4 k,, je7ee 1== Ry ye eer, (8,25) 
From the toryue/mowent of the termination of the astion of 


steering impulse, capacitors © in the filters of channels, charged to 


potentials Ve and Use respectively, in time Ty~—ty are 


“at gute bata etre HM wy [eben pRBORERER I lata ee ced ee AUC bhai ds anae © 2 


discharged, moreover tp=RC (Fig. 8.16). 
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steering impulse, the factors of amplification of channels will 


change differently and they will be equal to 


Ii, 


Ty— 
k, =k, -exp [— aU, exp (—-4*)] , (8,26) 


‘ Ry = hoy, exp [- aU, exp GC i) |: (8.27) 
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Fig. 8.17, Image »9f beariny with the fast time constant of the 


circuit of the eqialization of channels. 


Page 449, 


Let us find the relation aya, which datecmines bearing error due 
2 


to the appearance of a nonidentity of channels according to 





A 
y amplification toward the end of each period Tf, (i.e. when ‘=7,—+,). 
From (8.26) and (8.27), utilizing (8.25), it is possible to 
determine 
fig PPO) 
Q=p=A 7 ay (8.28) 
& 3 
k 
where A,=;~-. 


Ol 


From (8.28) it follows that a, depends on the initial imbalance of 
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Fi ' channels Ag (when U,,=U,,=0). With Ag = 1 errors of jirection 7 
a & finding, even witn fast tine constants %, will not ba, if control | a 
mi: 
§ characteristic is exponential. 
a Considering that Ii<a,<1,02 (etror of direction finiing is not 
Kj 
b more than 0.59), A,>1, and mt ¢ | it is possible to resord 
: tp ’ 1 
wit ee 
oe On py ’ 
' loz A : 
i 1 
In Z- Ea] AC —_ 1. (8.29) 
| on(— Fig) est 
fi a 
z ee 
Utilizing (8.29), from (8.28) we will obtain 
a 2 steel — 
" tye wea (Ty + ty). a 
For example, with Ag = 2, Ty+ry=20 ms and == ay=1,02 (errors of a 
direction finding do not exceed (0.5%) the allowed valua of the time 
constant of tha discharge of the capacitance/capacity of filter will B 
be determined 
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Control of amplification during the use of a pulse coatrol signal, 
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A change in the value of control signal at the inputs of 
channels will cause the appropriate change in the output voltages of 
control signals, which in turn, through the circuit of the 


equalization of amplification will lead to a change in the factors of 


amplification of channels. 


Page 450. 


The Level of control signal at the inputs of channels changes 


with the adjustment of bias voltaye on the grid of the tube of the 


mixer of control signal. 


Thus far tha values of the obtained in this case voltages of 


contre: = Ve, and Ur. do not exceed the limits 2f the range of 


control (AU. 92 Fig. 8.16), simultaneously with a change in the 


amplification occurs its equalization. Consequently, the iynamic 


range of gain control will be the wider, the lesser tha scatter of 


control characteristics. 


On the other hand, the dynamic range of the control of 
amplification is Jetermined by the value of the linear sastion of 


function Unax=f(Unx)s where U,, and Unatx 


voltage on 





poc = 77223222 PAGE 4 
g3 


entrance and exit of channel. 


The level of control signal can he regulated both by hand and is 


automatically (Fig. 8.18). 
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Fig. 8.18 Circuit of automatic gair control. 


Key: (1). Uptake. (2). Circuit of amplification balance. (3). Mixer 
control of signal. (4). Detector. (5). Adding circuit ani buffer 


amplifier. (6). Tangential channel. 
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The voltages of the oriented signal in receiving caannels depend 


on the value of bearing. With the formation of voltage for the 


automatic gain control this dependence must be excludel. For this 


the parts of output voltages of channels store/add up in quadrature 
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(with phase displacement to 90°, usually realized by chain/networks 


RC). 


The resulting voltage, equal to 


Ure= Vr, cof FU ae cos*0 + UF wuz I O=U wm aux 
and not depending on @, is fed to detector of AGC. Detector of AGC is 
included so that the unidirectional voltage of the signal of positive 
polarity decreases the initial negative displacement on the grid of 


the mixer of the control signal whose level in this case increases. 


Thus, AGC and the equalization of the amplification of channels are 


combined. 


The time constant of circuit of AGC is determined by the time 


constant of the filter of the equalization of amplification. 
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“Fig. 8.19. Reasons for the oscillation of bearings with j2tuning. a) 
the different qualities of resonance systems; b) the mutual detuning 
of channels; c) the mutual detuning of channels and the different 
qualities of resonance systems; 1 - resonance curve of uptake; 2 - 


resonance curve 9f tangential channel. 


Page 452. 
It is necessary to keep in mind that in system with the pulse 


control signal, the frequency of filling of which is egual to the 


resonance frequency of the tuning of receiving indicator, the 


mr are ee me : oe as or ene cme, REE I FcR ee ERM ee Mee ne 


DOC = 77223222 PAGE 20 

336 

equalization of amplification occurs only at this frequenzy. 
Therefore, if the resonance characteristics of channels 19 not 
coincide in form friend with other within the limits of passband, 
during imprecise tuning to signal, can arise the errors 9f direction 
finding, caused by the nonidentity of the resonance characteristics 
of channels. These errors are developed in the deviation »f bearing 
from true with datunings receiving dnaacater (the so-called 


oxcillations of baaring). Depending on the reasons for the 


nonidentity of the resonance characteristics (different energy factor 


of ducts, staggering) of oscillation, they can have symmetrical and 


asymmetric character with detunings to both sides from cesonance 


(Pig. 8.19). 


So, in the case Fig. 8.19a the oscillation of bearing they occur 
to one side from the image of the true baaring; in the case Fig. 
8219b, appear sSymaetrical oscillations to both sides; in the case 


Fig. 8.19c, occur asymmetric oscillations to both sides. 


Equalization of the phase shifts of the voltage in channals. 


The phase shifts of high-frequency filling of steering inpulses, 


obtained after passage by them receiving channels, are utilized for 
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equalization within certain liwits of phase characteristics of 


channels. 


One Jf the possible circuits of phase compensation it is shown 


to Fig. 8 20. The steering impulses.through the buffer stages enter 


the phase discriminator. The buffer stages are open/disclosed by the 
‘video pulses, synzshronous and cophasal with managers, Juz to what the 
circuit of phase compensation works only under the effact of steering 
impulses and does not react to the oriented signal. Manufactured by 
phase discriminator regulating direct/constant voltages (Up) are 
fed to tha circuit of control of the phase of the stress of the 
second heterodyne, common/general/total for two channals. This 
circuit consists of two phuSe-sShifting cascade/stages, connected 
between the secoal heterodyne and the second mixers of rezeiving 


channels. 


Page 453. 


As is known, the phase of the voltage of intermejiate frequency 
is determined by the phase of the voltage of signal and by the phase 
of heterodyne — (p=/(qe Gr))- Under the affect of the controlling 
voltage of phase iiscriminator, the voltage of the second heterodyne 


in the phase-shifting cascade/stayge acquires the phase shift, equal 


in magnitude to the phase shift of governing output potential of this 





esau 


4 
+} 


Sissel eid Ui erick ELS bal 


a 


rier te 


dcinsdn id iL Adlidar linidsAathes 


etre 


ec tattw® Hie Gilibded mat deel tae Rabkin “LL nehed AUMCIIRS Bias ts & ere an 


ne tes euabe 


walt badhgs & aks 


A a thtete Dawes 


ane - 


a 


Saris, eas) 


val 





DOC = 77223222 PAGE 227 


338 


channel and reverse/inverse on sign. As a result of th2 paase of 


output voltages, they are equalized. 
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phases into time intervals Tyo is assured by seles tion 


Siericdene slow rasponse of che qiachweue of aR( -filter in the 


circuit of shaping of output direct/constant controlling voltages of 


phase discriminator. 


Besides the system described ahove of the equalization of 


channels with the aid of control signal, are applied other methods 


{8.3}. 
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Fig. 8.20. Circuits of phase compensation. 


Key: (1). Uptake. (2). The output stage. (3). Phase-shifting 
cascade/stage. (4). The buffer stage. (5). filter. (6). haterodyne,. 
(7). Phase discriminator. (8). Triyger pulses. (9). Tangantial 


channel. 
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It is possible to decrease tha requirements for the ijantity of 


channels with cespect to amplification or at least continisous to 
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monitor it, without applying special pilot sianal, if we at entrance 


and exit of receiving indicator periodically change over cthannels, 
changing by their places (Fig. 8.21) {8.17}. In this dicection finder 
the disturbance/breakdown of the identity of channels 3a | 

| amplification and phase will lead | 


to the fact. that on scope they are 


formed two lattica-type eliipses. Correct bearing is determined from 


the bisector of tae angle between the principal axes of allipses 


(Pig. 9.22). During the equalization of amplification, the ellipses 


will merge into one, 


Such by shap2, in this system is feasible the corcect reading of 
bearing with the sufficiently considerable nonidentity of channels 
and it is easy to note the disturbanceybreakdown of identity. But the 
accuracy of reading of bearing (on bisector) descends, ani when 
interference and instability of the figure of bearing is present, 
reading is extremely hinder/hampered. The minimum fréquencsy of 


commutation with tube without afterglow must be order 20 4z. 


Obtaining one-sided bearing. 


The two-channel radio direction fintler, working according to 


these circuits, makes it possible to obtain bearing with 
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indeterminancy/unsertainty into 180°. For the elimination of 





} anbiguity, it is sossible to apply different circuits. Jsually in 
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majority of then, is utilized the superposition principle of the 





- nondirectional reception on the directional cosinusoidal ceception. 
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Fig. 8.21. Block diagram of two-channel radio direction finder with a 
Switching of chanirels. 5 
Key: (1). channel. (2). the Ist heterodyne. (3). the 2nd heterodyne. ¢ 
" (4). anput switching. (5). output switching. 


Piq. 8.22. Image of bearing with the nonaqualized channals. 


Page 455. 


Most conveniant, that not requiring supplementary operations of 


Operator, hut als> most complex on execution is the three-channel 


circuit of diraction finder. To the input of the third channel, is 


connected the central omnidirectional antenna, and t9 its output - 
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E 493 3 
the modulator grid of brightness or the focuSing grid of cathode-ray 


* tube (Fig. 8.23). 


The process of obtaining the single-valued bearing it is easy to 
P explain by diajran/curves Fiy. 8.24. On diagramycurves 1 and 2, ane 
shown the voltages of vertical and tangential channels. The relative 
“2 phase of these stcesses depending on the direction of tha arrival of 


wave can change by 180°. 


On diagram/curve hy 3 solid lines is shown the voltage of the 
omnidirectional antenna, wattful of the directional antenna. The 
phase of the omnidirectional antenna does not change with a change in 
the bearing. The half-periods of the work of cathode-cay tube are 


shown on diagram/curve 4, 


The form of Line of bearing during control by the modulator of 
brightness for case Fic. 8.24 is shown to Fig. 8.25a. With the 
noncoincidence of the phases of the stresses of the omnijlirectional 
antenna and directed system (dotted line on diagram/curcv2 3) (Fiq. 
8.24) the form of line of bearing will be such, as on Pig. 8.25b. If 
a phase difference reaches 90°, bearing will be two-placa, with an 


increase its moca than 90° determination of side will be incorrect. 
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Fig. 8.23. Circuit of radio direction finder with tha separate 


channel of the vaLtage amplification of the omnidirectional antenna. 
Keys (1). Uptake. (2). Heterodyne. (3). Tangential channel. (4). 
Channel of side. 

Page 456. 


Thus, in three-channel system it is necessary to ensur2 very high 
requirements for the identity of ali channels with respect to phase 


shift. 


A sinpler pattern of the determination of side, worker on the 


Same principle, can he realized without the third channel. The inputs 
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of channels alternately are connected to the omnidirectional antenna; 
the output of that channel which is connected to it at given 
torque/moment, is connected to the modulator of the brightness of 
tube (Fig. 8.26). Second channel remains at this torque/moment 
connected to its deflector plates. Such switchings can be produced by 
hand or after include/connecting the spetial switching 
equipment/device (in the simplest execution relay). During manual 
switching it is necessary to be guided by following. Lf bearing is 
close to values 9s£ 0-180°, the omnidirectional antenna is connected 
to the tangential channel whose output voltage will be feed/conducted 
in this case to the modulator of brightness. With the bearing, close 
to 90-2709, the channels are changed by places. The diagrams of the 


voltages in channels and the form of display ate shown to Fig. 8.27. 


If at the dagut of direction finder there is a goniometer, it 
suffices to connect to nondirectional antenna and modulator grid only 
one of the channels, Since in this case the voltage of the 
directional antenna is aistributed along channels by jgonidmeter. All 
requirements for the phase relationship/ratios of the voltages of 
channels during the determination of the sides, given above, ate 


valid also for this circuit. 
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Fige 8.22. 





Key: (1). Uptake. (2). Upward. (3). Down. (4). Tangential channel. : 
. (5). fo the right. (6). Beam deflection. (7). To the laft. (8). 
Channel of the determination of side. (9). Brightness or Focusing. : 


(16). There is. (11). No. 
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Figs 8.25. Image 9f sinyle-valued bearing. 
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Fig. 8.26. Patter1 sf the determination of side in two-channel RDF. 


Key: (1). Uptake. (2). Heterodyne. (3). Tanyential channel. 
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Fig. 8.27. Diagrams of valtayes and image %n screen of IRT for 


circuit Fig. 8.26. 


Key: (1). Uptake, bearing are close to 09, (2). Upward. (3). Down. 
(4). Uptaxse, bearing are close to 180°. (5). Image on screen. (6). 
Beam defiaction. (7). Upward. (3). Down. (9). Tangential channel 


(brightness). (10). No. (11). There is. 
8.4. Single-channel radio direction finders. 


The Jifficulties of the execution of two identical channels of 
amplification led to the creation of single-channel radio direction 
finders, According to operating principie, they are two-channel, on 
physical channel separation, it is replaced in them hy frequency or 
time/temporary. To this same to class can be attributed the radio 
direction finders in which amplifier circuits are united partially, 
channel separation occurring accorjing to frequency sign/criterion. 
It should be notai that the association of amplifier sirzuits frees 
from some difficulties and the sources of the errors which are 
observed during two-channel amplification, but at the same time 


complicatas circuit (modulation or commutation, etc.), are caused tha 


new sources of errors. The majority of single-channel RDF's is 
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deprived of ona of the fundamental advantages of two-channel radio 


direction finders - visual selectivity. 


Direction finders with audio modulation (inethod of coaparison of the 


deoth of modulation of the taken signal). 


The block diagram of direction finder is depicted on Fig. 8.238. 
The voltages of signal uy, and ug will be feed/conducted to two 
balanced modulators and moculated py the voltages of two frequencies 
Q, and 2, respectiveiy. The output voltages of the balansad 


modulators will be 
Uy, = Uy cos Osin Of sin of, 


lng = Uy sin 0sin Q,f sin of. 


After addition with the voltage of the omnidirectional antenna 


Ug== Up asin of 


on the input of raceiving indicator, operates the voltag?2 
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i= Uma (l+ M,sin0.f-+ M,sinQ,t]sinet, (8.30) 
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From (8.309) it is evident that at the input of receiving indicator 
operates the voltage of carrier frequency w, modulated in amplitude 
by the voltages of frequencies Sy and 02 with the modulation factors 


M, and Ms, which iepend on the azimuth of the DP radio station. 


Such by shape, the information ahout hearing in this direction 


; 
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finder is includa2i in the value of the side components of the 


modulated by two tones signal and their mutual cophasality or 


pushpulis (last/Latter determines the quadrant in which is located 


the single-valued bearing). 
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4 To avoid cross modulation in this circuit, the overmodulation is 
not admitted and is necessary satisfaction of condition M, + M2 < 1. : 
It is obvious that for this it is necessary to satisfy tha condition : 
era siace the maximum value of sum cos 6 + sin @ is equal to : 
e After detection the variable component of signal at the output 
of receiver takes the fora 7 
Un =U», x cos OsinQ t4-U,, ,sin Osin O,¢. (8,31) 
: 
| 
a 
| 
| 
| 
| 
| | 
! 
A 
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Fig. 8.28. Block diagram of direction finder with audios saddulation, 


Key: (1). The balanced modulator. (2). Generator, (3). Balance 


detector. (4). Intercupter. (5). Phasiny circuit. (6). Receiver. (7). 


CRT bearing indicator. 
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Voltage (8.31) is fed to two synchronous balance detectors to which 3 

are conducted reference voltages ,=U,,sinQ and 4,—U,,,sinQ,t : 

rh During the phase coincidence of the supporting/reference and worker : 
: of voltages (or with their pushpull) the output voltagas of balance 3 
detectors will be : 

U, ==Ume cos 4, (8.32) ; 

Uj, = Ume sin 0. 4 
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Direst/constant voltayes (8.32) are utilized For the indication 
of bearing with the aid of dial instrument (maynitoelectric 


legometer) [8.12]. 


_......With. the supoly.of voltages . (832). to. the. plates of cathode-ray 


tube the focus will be deflected from center and its angular position 
Will give radio station bearing. More convenient indication with the 
aid of cathode-ray tube is obtained, if we include/ccnnect 


interrupters (Piy. 38.29), converting direct/constant voltages (8.32) 


in saw-tooth. 
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Fig. 8.29. Circuit of the formation/education of saw-tooth voltages. 


Key: (1). Momentun/impulse/pulse control of interrupter. 
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Image on the screan of cathode-ray tube takes in this sase the form 


of the ralial cay/beam on which is counted off single-valued bearing. 


In the direction finder in question partially is cetained tho 
separate passage of the voltages of two directional anttnoas along 


independent channels. In this part of the circuit, is possible the 
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onset of the errocs, examined into § 8.3. 


The work of the balanced nodulatots is examined in § 8.1. The 


obtained there conclusion/derivations can be attributed also to this 


-circuit. 


the amplification of side frequencies wu to and «2 & Q) in 

common/general/total circuit must be identical. The diffarent value 
of amplification factors causes the errors, analogous to the errors 
of two-channel radio direction finder. A difference in the envelope 
phases of variations of frequencies 0, and fig is led to 2rrors, since 
balance datector sonverts a phase difference into a iiff2rence in the 
amplitudes of output voltaves. Actually, if phase displacaments of 
envelopes of relatively reference voltage comprise Afonr and Agora 
then the output voltages of balance detectors take the fora 

U, = Ume cos 0 cos 9,;,, 

U,, =Um ¢ Sin) cos APor,. 
The angle of deflection of ray/beam on the screen of the sathode-ray 


tube of indicator is determined by the expression 


cos Agar, 


where Sear Cig Beacing error  (A,,) in this case is analogous to 
¢ 


error with the inequality of the module/moduli of tha factors of 


amplification of two-channel indicator and can be founi from formula 
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{see § 8.3) 
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g--1 . 
1 — gj cos 26 


When selecting modulation frequencies, must be take into 


consideration of condition, analogous to the conditions for the 


selecting of the frequency of rotation in phase-meter cadjio direction 


finders (see § 8.5). 
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Direction finders with the successive connection of antennas and 


indicator. 


In such dirastion finders the orthogonal pairs of antennas or 
coil of goniometer aliternately are connected to single-channel 
receiving indicator. Simultaneously are switched the coils of the 
needle indicator (logometer) or the deflector plates 39f cathode-ray 
tube. The simplest circuit of this direction finder is depicted on 
Fig. 3.30. For the stabilization of bearing, the indicatoc must have 


slow response. Direction finders with switching did not have 
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extensive application due to the large number of deficiensy/lacks. 


Two-channel reception indicator with the partial association of 


channels. 


The difficulties of the control of the amplification of channels 
in syStems without control signal led to the creation of two-channel 
receiving indicator with the partial association of channels [ 8.3}. 
In this receiving indicator is conducted the special conversion of 
intermediate frequency in one of the channels, so that the 
intermediate freguencies of channels considerably would differ froa 
each other (Fig. 3.31). Then the signals of each channel with 


different intermejiate frequencies are amplified on the whole, 


usually the apariodic, amplifier. 
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Fig. 8.30. Block iiagram of single-channel radio direction finder | 
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with the successive connection of antennas and indicator. 





Key: (1). Arrow praasemeter (logometer). (2). Receiver. (3). Control 


unit switch. 
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With a sufficient broad-band character of this auplifiar and linear 
amplitude- frequency characteristic with the adjustment of its 
amplification it is possible within certain limits to change to 


identical degree both signal level. 


For obtaining the indication of hearing on cathoda-ray tube it 


is necessary again to convert frequencies, in order to obtain then 


4 
‘s 
; 
g 
3 
a 
i 
4 
4 


identical. Since conversion before the common/general/total amplifier 


compulsorily is l2d to a supplementary difference of tne signals in 
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Channels iue td paraase, for reverse/inverse transformation is utilized 


the same neterodyne, but connected to the mixer of another channel 


(Fig. 8.31). 


Usually the dynamic range of the control of amplification by 
‘such circuits do2s not exceed 40-50 dB. The automatic gain con -rol 


‘ also can be realized in common/generalstotal amplifier. AS in system 





with control signal, stress level on the input of detest ac of AGC 


re must not depend on azimuth (§ 8.3). 


oe 


- 


ta 8.5. Instcument errors of RDF's because of phase shifts in receiver. 


During the application/use of methods of radio traffic, based on 
the measurement of phase, vital importance acquire phase shifts in 
receiver. Phase measurements in high frequency are utiliz2d in phase 


radio direction finders from motionless antennas with Large 


separation. 
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Fig. 8.31. Block diagram of receiving iniicator with the partial 


association of channels. 


Key: (1). Filter. (2). heterodyne. (3). Aperiodic amplifiar. (4). 
Tuning. (5). Amplification. 
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The measurement of envelope phase of the amplitude~ or frequency 

‘ modulated oscillation iS applied in radio direction finders with the 
long running of antennas and in radio direction ~:nders with the 
cyclic measurement ot phase. In the enumerated systems th2 
information about bearing is included directly in phase. Therefore 


any supplementary negligible phase displacement in resaiving 
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indicator will give corresponding bearing error. At the same tine thea 
presence in the raceivingy indicator of resonance systems in the 
amplifiers of the high and intermediate of frequenci2s unavoidably is 
led to pnase displacement both the carrier frequency and ie Snvelodes 
An especially large shift occurs in circuit of IFA 
{interuediate-frayuency amplifier], where the there is the narrowest 


passband of resonance systems and the steepest phase response. 


As is known, the phase response of single duct and two coupled 


circuits can be expressed by the formulas: 


¥x (3) =~ arc tga, (8.33) 
and 
2 
9 (3) = are lg aaa (8.34) 
where o = (2hf/fg 2 ~ the generalized detuning; 


fo - resonance frequency; 


Af = £ - fg - detuning; 


Q- a quality; 


y= KQ - coupling parameter; 


y sided cosets Miia oullll 
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K ~ a coupling coefficient. 








The selective system of receiver usually consists of saveral 








cs free single ducts or pairs of circuits. Resulting phase displacement | : 
Ben 2) f ; ite SAS 
he grow/rises proportional to n - to the number of single dusts or pairs 
eo of ducts in systea. 1f the resulting passband B is assigned, then the 
-, zat 
Pe energy factor of ducts must be selected as being equal t> 3 
. fio E 
‘ Q= Bim: (8.35) a 
Rs Function p(n) in the case of applying the pairs of ducts iepends E 
besides n and on the degree of communication/connection (soupling Ei: 
“at parameter mn). Table 8.2 gives corrected values y(n), borrowed from s 
ti Be 
ze, - 
Page 465. a 
Utilizing (8.35) and designating x = 24f/B, we obtain a 
x aa . 
The phase responses of multistage selective systam sain ba, using a 


these designations, cecorded in the form 





9, == —- are rar (8.37) q 
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a for a Single-circuit circuit, and 
bs 24 (1) ‘ 
& Py, — fare tg +H) pinr— a (8.38) 


i for a two-circuit circuit. 


The phase response of resonance system for an envelr2e 


—. 


Sinusoidal oscillation, modulated voltaye of frequency F, is 


determined by formula [{ 2.7} 


: var (2) = AL FQ, (8.39) 


For the Single duct 


1 QF 
a Por (3)=— ipa 7, @ (8.40) 


for a system of two coupled circuits 


; > betty OF 
Sur (?) Reet eaa 2 a a. g2 4+ eyes fe Q. (8.4 1) 
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Table 8.2. Values 


(v 


Cuewa 
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Oauoxoutyp- (ace xoury- | 1,0 | 1,56] 1,96 | 2,3 2,85 | 2,89 
waa Pe B peso- 
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hist» ie gS chats Sabah 27 Phi, Pee 
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9,06) 2,385] 2.67) 2.908 ~ © o> ae 
0.98 | 1,09; 1,16 | 1,22 
0.55 | 0,61 | 6,67.10,7 _.. 
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“Keys (1). Circuit. (2). Mode/conditions of tuning. (3). ¥dn)\with the 
number of cascade/stayes. (4). Single-circuit. (5). All ducts in 


resonance. (6). Iwo-circuit. 
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As can be sean from (8.41), the form of curve  ¢q,(3) depends omy 


So that curve Por (9) would have one maxiaum, is necessary 
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satisfaction of condition A< 





Sys 
Phasa displacement of envelope is maximum during tha fine tuning ‘ 
of resonance syst2m for siynal carrier frequency (o = 0). This shift : 
can be considered either by the introduction of the curcasponding 2 
phase shifts into tne reference (modulating) voltages of low 
frequency, or by rotation throuyh the appropriate angl2 of the scale 
of bearings. 
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result of ageing, the effect of temperature, change in the load of 
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the tubes and other rei.sons, which produces chanye phase iisplacement 
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a) 


Fig. 8.32. Dependence of phase displacemant of envelope 93 detuning 
for tuned amplifiers with single ducts with different x = 2F/B: a) 


for n = 1; b) for 1 = 2 (unbroken curves) and n= 4 (dashed curves). 
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This variable part of phase displacement cannot be compensatei for, 
if in circuit is aot providea the possibility of frejuent checking 


and adjustment of phase displacomont. 


During tuniay of signal, any deviation from resonance is led to 
a change in the phase shift. Let us designate a change in phase 


displacement of anvelope with detuning by = Agus; then 
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49 r= For exo Por (3). 


Utilizing (8.36) and after designating I-+yt--q and 2F/B = a, we will 


obtain 


for a systea from single ducts from (8.40) 


ne x 
A®or =f vin) ya + vin) (8.42) 


for a two-circuit circuit from (8.41) 


— — 2A x4 + atyt (n) (4 — 34) 2 
Sve — fim | ape ERO a] ea9) 


The graph/diaygrams of dependences Agor(x) for different. 


resonance systems and dependences x(a) are given to Figs. 8.32~8.36. 


The analysis of formulas (8.42) and (8.43) and curcve/graphs 
shows that best for obtaining minimua Aso are the systems of 


single-cicrcuit resonance and two-circuit band-pass amplifiers when 


N<il.Curve/graphs Fig. 8.36 make it possible to select the modulating 


frequencies. 
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Fig. 8.33. Dependance of phase displacemant of envelope 32 detuning 
for a single-stage band-pass amplifier when y=05 (conténuous) and 


yl (broken) curved. 


Page 468. 


During th® rotation of the highly directional radiation pattern 
when the input of ceceiving indicator affects the 
momentum/impnlse/aulse, duration and form of which depend on the rate 
of rotation and form of diagram, also can be observed tha specific 
for this system errors of direction findiny and distortion of the 
shape of pulse. As is known, the attack time at the output of tuned 
amplifier depends on waveform at input and on the transient 


characteristic of amplifier. If the attack time at input (the leading 
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impulse front) tax, . and the transient response of antire circuit 


of receiving indicator is specific by the time of establishment 1y, 


then during satisfaction of the condition 


ore a sixs tng > ly ; (8.44) 


the form of output signal is close to that of the input signal. The 


resulting passband is selected on the basis of the condition 


Bp = (8.45) 


The rise time of somentus/impulse/pulse can be approximat2aly accepted 


equal to 

lox = pace (8.46) 
where 2y9,, is width of radiation pattern at the level] 0.1 from the 
maXimums 


F - the freguency of the rotation of antenna. 


Satisfying (8.44) and (8.45), they attain that, in order to the 


distortion of tha form of the output pulse, the position of the axis 


of symmetry of which determines bearing, it did not laad to 


deterioration in the reading of bearing. 
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Pig. 8.34 Dependance of phase displacement of envelope on detuning 


for a band-pass amplifier with n = 2 and y.-!. 


Page 4695, 


Analogous distortions occur during the rotation of cosinusoidal 
radiation pattern, They are developed in the fact that at output is 
obtained the more or less diffuse minimum, but not the zero values of 
the voltage, Besijes pussible wave form jistortions ducing pulse 
advancing through the circuit of receiver display, will occur its 
time lag in time. During fine tuning for signal frequency, maximum 
and constant/invaciable time lay can be taken into account hy the 
introduction of the corresponding correction to bearing by the 


rotation of scale or deflection system of the cathode-ray tube of 
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indicator. Howevac, time lag in the course of time changes, that it 


does not make it sossible to consider it completely and a change in 


the envelope phase. 


~Imprecise tuning to signal will leai to a change in the time lag 


and respectively to hearing error. Time lag in amplifier is 


determined by the slope/transconductance of its phase c2sponse [2.7, 


208) 
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8.35. Depeniance of phase displacenent of 
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for band-pass amplifier when 105 


n= 0,5; n 


= 4 (dotted curves). 


and n 


= 





2 (continuous) 


envelope on detuning 


and when 
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Fig. 8.36. Dependence of the permissible detuning x = 2o£/B on the 
tatio of the modulating frequency to the half of passband (a = 2F/8B) 
with the assigned errors of direction finding for the different 
resonance systems: a) the error of direction finding 46 = 19: 1 - 
band-pass amplifiar, .=o8. n= 43; 2 - band-pass amplifier, r=05. n = 


2; 3 - band-pass amplifier, »=o5. n = 13; 4 - tuned ampliriec, n = 43 5 
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- tuned amplifier, n = 2; 6 - tuned amplifier, n = 1; 7 - band-pass 


amplifier, u31 a = 13; 8 - band-pass amplifier, =, n = 23; b) the 





error of direction finding 4 = 0.5° (designation of curves the same 4 


aS in 8.36a). 
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A change of tha time lag (At) with detuning Af within tha limits of 


passband B connected with phase displacement by enveloping lJependence 


Ai, 4% can be determined: 


2nF 


for the single-stage tuned amplifier 


a ! 
A, = paca Tin’ (8.47) 


for an n-cascade tuned amplifier 


“ 1 


ft 
Mn = iy SEE HO) BE ee) 


for an n- cascade band-pass amplifier 





At, = 2n [ At + vth9 (n) (4 — 39) | I (8.49) 


$m) | 8a Deg (ng 2a) + GGT | BR 
Minimum changes of the time lag with detunings within the limits of 


band B will be duriny the use of single-circuit resonance and 


two-circuit band-2ass amplifiers when <1. 





aad 


We 
eeene! 





we eee te te er en ee ea ee Cer ieee rua 


dOC = 77223222 PAGE 


a 
375 


In multistag2 amplifiers with B = const because 9f tae expansion 
of the passband of each cascade/stage AM, it can be aven less 
4t,. Knowing the frequency of the rotation of antenna F in hertzes 
and change of the time lag At in seconds, it is possibla to easily 


‘determine the obtained in this case bearing error in the legrees: 
A=360FAt. 


For axample, with detuning x = 0.5 and B = 2000 Hz fora 
Single-stage tunel amplifier At, = 0.2 ms. If the frequency of the 
rotation of tha cadiation pattern of 20 Hz, this leads to hearing 
error A, =1,44°. Under the same conditions for a four-stage tuned 


amplifier At, = 0.975 ms and A;=0.53°. 
Time lag and change in the time lay of the frequancy modulated 
signat also can ba found by formulas (8.46)-(8.49). 


8.6. Phasometric cadio direction finders. 


In phasometric radio direction finders the bearinj is determined 


from the envelope phase of the amplitude modulation which is obtained 


during the long running of radiation pattern (§ 2.3). 
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Are known different methods of formation and rotation of 
es ; the radiation pattern. Obtaining and rotation of cardisii or 


~ginusoidal diagram can he realized with the aid of the rotatory 





antenna with sinusoidal diagram and phasad motionless sanidirectional 


i adel 
To tee 
ery 


antenna {8.29}, either by rotation of special reflector around 





motionless antenna [8.28], or by rotation of the rotor of goniometer 


with motionless antennas [8.14, 8.29]. | a 


The rotation of narrow-lobe diagram widely is applieji in 





wide-base direction finders of short and ultra short waves and in UHF 


direction finders [3.25]. e- 
Is applied also the method of the rotation of radiation pattern a 

with motionless antennas with the use of special electconic circuits. E 

\ 4 
Direction finders with the mechanical rotation of radiation pattern. a 


The rotation of cadiation pattern causes modulation of the = 
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oriented signal ia aaplitude with the frequency Q, velocit y-dependent 
of rotation and form of radiation pattern. The shape of the envelope 
of this modulated signal is determined by the form of cadiation 
pattecn, and phas2 - by direction in the criented radio station (by 
angle of arrival of wave 6). The reference point of envelope phase is 
usually determined. by the tecrgue/moment of the passage of naximun or 
minimum of cadiation pattern of the direction in north. I€ the 
strength of the field of the oriented signal E=E,sinof, the antenna 
radiation pattern are determined by function £(6) and the frequency 
of the rotation of radiation pattern is aqual to 2, then the voltage 


of signal on the input of receiving indicator in gen2ral form can be 


Ug = Uy, (82, 0) sin wi. (8.50) 
During the rotation of cardioid whose equation £(@) = 1 - cos @, we 
obtain 
Uo =U,, [1 — cos (Of — 0)] sin wl. (8.51) 
Page 473. 


This modulated ostillation with modulation frequency 2 ani modulation 
factor M = 1 (1009/0 modulation), moreover phase displacasent of 

envelope relative to reference point (t = 0) it is equal to the angylo 
of arrival of wave @ (Fig. 8.37a). Such a modulation is dbvserved only 


with ideal cardioid (§3.8), in real systems usually M < 1 and Me =2Um 
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[i - M cos (@t-6) sin ut. 


It we consider that the ceceiving indicator is not introduced 
supplementary phase displacement of envelope and other ercors (§8.5), 
then output potential of the linear amplitude cetector of receiving - 


inficator will be Ss Pan hee, 


ty Un a - Um 9 Cos (Ql — 0). 


Measuring with phasemeter value vo, we obtain the single-valued 


determination of bearing. 
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Fig. 6.27. Signai aspect with of the rovations: a) cardisid radiation 


pattern; b) Sinusoidal radiation pattern. 
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If the antenna radiation pattern is sinusoidal (eight), then the 
measurement of Signal amplitude in time during the rotatian of 


diagram will be it occurs accordiny to the law 


fl, d= sin (Qt--%. 
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is Signal at the input of receiving indicator takes the fora 





Ue = Uy, sin Gl — Q) sin of, (8.52) 


These are modulated suppressed-carrier signal (Pig. 8.37b). during 


its detection tha modulation freguency and phase displacement are 


_ doubled. 





The reading 39f hearing on phasemeter is conducted with 


indeterminancy/unsertainty *o 180°, For the elimination of ambiguity, a 





is utilized the sanidirectional antenna. 


Tne form of cadiation pattern can differ significantly from 2a 

: sinusoid or cardisid. So, during the rotation of diagran with a 
sufficiently narcow luy/lobe and distinct maximum modulation has 4 

pulse character (Pig. 8.38). In this case tne bearing is Jetermined a 

by. .a¢e phase angl2 between the reference point and tha maximum value a 


of momentum/impulse/pulse at the output of receiving indicator. 


Usually on the axis of the rotation of antenna or goniometer, is 


located reference generator whose frequency is equal t> the frequency . 


of rotation, und dhase is equai to zero during the passage of the 


minimum (or maximum) of cadiation pattern of the direction in north. 


mba a es Oe ul ga fas 
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Fig. 8.38 Rotation of narrow-lobe radiation pattern: a) narrow-lobe 


diagram; b) signal aspect at ine input of receiving indicator. 
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Sometimes on the axis of rotation, is establish/installed selsyn 
transmitter, and receiving synchro serves for obtaining 
scanninj/sweep on tube. Are applied sweep circuits with 
synchro-transformar and sine-cosine potentiometer [8.13]. Examples of 
the block diagrams of direction finders with the revolvinj radiation 


pattern are reprasented in Fig. to 8.39-8.41. 
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Fig. 8.39. Phase-neter radio direction finder with the rotatory 


a 


antenna and arrow phasemeter. 


a 
4 


Key: (1). Receivec. (2). Detector and UNCh [low-frequency 





amplifier}. (3). Motor. (4). Phasemeter. (5). Reference ganeratoc. 
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Fig. 8.40. Phase-neter radio direction finder with delinaation of 


= 
4 
4 
3 
3 
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: radiation pattern. 
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Key: {1). Receiver. (2). Motor. 
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Cardioid pattern in direction finder (Pig. 4.39) is formed by the 
addition of the stress of the revolving H-type antenna ani motionless 
omnidirectional antenna. the voltage of envelope, obtained as a 
result of detection, is fed to the aekog. phadeneder t2 which will be 
feed/conducted also reference voltage from generator. [he neasured by 
phase meter phase difference of these stresses gives single-va lued 


bearing in degreas. 


Bearing is sounted off with the aid of the phasemeters of 
ditferent types. In this case, wide application found arrow 
phasemeters with dalance detector and the instrument of direct 


current and phasemeters with cathode-ray tune. 


Are applied also the circuits, in which is form/shaped the 
Narrow pulse ints the torqgue/moment of the passage of the sinusoid 
through zero in the direction of an increase in the current. The 


obtained momentun/impulse/pulse starts flip-flop. The analogous 
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monentun/iapulse/pulse, obtained from reference voltage, inverts 


flip-flop. 





Fig. 8.41. Phase-neter radio direction finder with cevolving 


goniometer. 


Key: (1). Input of circuit and. (2). Converter and UPN. (3). 
Detector. (4). Will supplement. detector. (5). Amplifier. (6). 


Modulator. (7). Sweep oscillator. (8). Balance modulator. 
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The time interval during which one of flip-flops tube is opened, and 


its average current are proportional to a phase difference in 
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measured and reference voltages {2.9}. The method of maasurement of 
phase on the interval among the momentum/inpulse/pulses, formed, as 
noted above, has a series of advantages in the relation t> accuracy 
and possibility of the automation of the further treatment /working of 


bearings. It is described in §8.9. 


In system (Fig. 8.40) rotates the antenna with acute/sharp 
radiation pattern. The output unidirectional voltage of receiver will 
be feed/conductel to the deflection coils of the cathode-ray tube 
which rotate synchronously and cophasally with antenna. With the 
reception of the signals of radio station on tube face, is drawn the 


antenna radiation pattern the axis of symmetry of which determines 


hearing. 


Direction finder (Pig. 8.41) has the rotatable with the aid of 
high-frequency goniometer sinusoidal radiation pattern. The modulated 
With the frequency of rotation stress from search coil of goniometer 
is removeystaken with the aid of the revolving transforraer. After 
conversion, amplification and detection in receiver, the obtained 
voltage of envelope in negative polarity is fed to the gcid of the 
modulator where it modulates the sweep oscillator voltage (frequency 


its 15-80 kHz). The phase of the modulating stress depends on the 


azimuth of transnitter. 
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fhe voltage 29f sweep frequency enters through tha rcavolving 
transformer the rotor of the goniometer of scanning/swaep which 
rotates in line with the rotor of high-frequency goniometar. The 
stator coils of ganiometer of the scanning/sweeps in which in this 


case are formed two shifted to 90° voltages of sveep freyuency, 


“modulated with tha frequency of the rotation of goniom2atar, are 


connected to the jeflector plates of the tube on which is obtained 


the circular sweep. 


The voltage in the stator coils of the goniometer of 
scanning/sweep is mcdulated by the voltage of the signal amplitude 
euvelope whose phase depends on azimuth. Since the modulating voltage 
is utilized in negative polarity, on scope, is drawh revatse/inverse 
radiation pattern in the form of the propeller whose blai2a/vanes 


corcesponi to the minimums of figure-of-eight diagran. 
Page 478. 


Along the axis of the symmetry of the obtained figure, is determined 


two-place bearing. 


The side is determined by means of the closing/shorting of 


key/wrenches Ky, Kz and of interrupting key/wrench Ky (Fig. 8.41). 


During the closiny/shorting of key/wrench K, to the input of 
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receiver, is fed the voltage of the omnidirectional antenna, matched 
on amplitude and phase with frame voltage. The obtainel] after 
detector voltage of the frequency of the rotation of goniometer 
during interrupting of key/wrench Kz additionally is latested in 


negative polarity and modulates the sweep oscillator voltage. 


Is simultanaous the voltage after the detector of reseiver, out 
of phase to 909 with the aid of phase inverter (W- 909%), is fed to 
the input of the balanced modulator together with the swaap 
oscillator voltage. Output voltage from the balanced nddulatoc during 
the closing/shortiny of key/wrench K3 is connected to grii - the 
modulator of the brightness of cathode-ray tube. On tube face, one of 
the lobes of the propeller of the image of pearing goes out, and can 


be counted off single-valued bheariny. 


Direction finders with the electrical rotation of cadiation pattern. 


The alectrical rotation of radiation pattern usually is appiied 
in systems with sinusoidal or cardioid radiation patterns (Fig. 


8.42). 
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Fig. 8.42. Block diagram of radio direction finder with the 


electrical rotation of radiation pattern. 


Key: (1). The balanced modulator. (2). Generator. 
discriminator. (4). interrupter. (5). Phasing circuit. 


(7). the indicator of bearing. (8). Phase inverter. 
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Balance phase 


(6) . 


Receiver. 


For the cotation are utilized tke balanced godulators to which 


are connested th2 voitages of the signal 


u,==U,, cos O sin mf, 
== Up, sin sin of 


and the modulatiny voltages 
u,,=>U, sin Ql, 
Ug, =U, ,, cos OM. 





(8.53) 


(8.54) 
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4 
; 
: Useful components at the output of the balanced modulators 
Ba ae a 4 
be Un, == Uy cos Osin AL sin wf, (8.55) 
is tiny = Uy sin 6 cos Of sin wf. = 
a “3 
ek out ata In the existing systems (Figs & 42) usually is applied the 2, a 
fey 4 ‘ : az 
e: . _  e@Leectrical rotation of cardicid pattern, for which is utilized also =? 
i ce 
the voltage of tha omnidirectional antenna, phased with the voltages E 
go>. of the directional antennas with the aid of the phasing circuit: 3 
a 4g 
a Ung =Um asitol. 4 
. 3 
\ During the addition of the output voltages of balanced : 
1% modulators and voltage of the omnidirectional antenna Jn the input of Ee 
ee x 
: receiving indicator, we obtain 3 
i . 
, uz Um a(l-+ Msin (Of 4+- 6)] sin wf, (8.56) 3 
: 3 
ce : 
a - * 
“| where M-= >" is a coefficient of mcdulation. 3 
: 
el 
: | The obtained expression characterizes the modulated in amplitude F 
i voltage, phase displacement of envelope of which relative to the 
phase modulating stress it is eyual to bearing (@). After conversion, ; 
| , amplification ani detection, the signal of form ux=-U,, ,sin (Qi 6) : 
| . : 
(is not considerei as before phase displacement of envelope in : 
receiver) is fed to balance phase discriminators [1.13], where as | 
; 
i 
H 
| 
r neers : = 
a 
4 
- 2 . i 
bop ee a ay ae 7 4 
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supporting /referance will be feed/conducted voltages “ei and "# 


(8.54). 
Page 480, 


-- Through the Load impedances balance phase discriminators, flow 
the direct currents, which create the voltages 
| 4, = Um ¢ 6050; ae 
#,=Uy,¢ sin 6. 
Direct/constant voltayes are utilizad for an indication on 
cathode-ray tube just as in direction finder with audio nodulation 


(§8.4). 


In systems with the electrical rotation of radiation pattern, it 
is possible to apply larye values 923; the absence of the cavolving 
cell/elements increases life and the reliability of systam; direction 
finders with the aglectrical rotation of radiation pattern cheaper 


direction finders with mechanical rotation. 


However, that that at entrance and axit of direction finder with 
electrical rotation are cell/felements, which require a precise 
balance (the balanced modulators and detectors), creates the 


Supplementary soutcces of instrument errors because of thea nonidentity 


of these cell/felanents. Furthermore, the maintenance »9f tae balance 











ween eee 
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of arms in the modulator circuits and detectors in the process of 
operation is very complex problem. In spite of these 
deficiency/lacks, the circuits of direction finders with the 
electrical rotation of radiation patterns find a use, ani work 


proceeds on their perfection/improvement. Specific for phase-aeter 


radio diraction finders with the electrical rotation of radiation. _- 


pattern is the us2 of the modulating voltages, shift2d oa Faye to 


90°, 


Let us deterazine the error of direction finding dua to deviation 


from 90° phase shift of the modulating voltages. 


During the deflection of the phaSe shift between voltages “,, and 


una from 90° on the angle » of output potential of the balanced 
modulators thay will take the foro 


Uy, = Uy cos Osin OF sin of, 
Uy, == Uy sin 0 cos (Ot +- 9) sin wf. 


Page 481. 


Yotal voltage on the input of receiver in this case will 3e 


u—U,,[1-- MAsin (t+ ®)| sia of, 


where 
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‘4 M=:-U*, AmyT—sind0sing; 
ra Ug ee a ee 
x a gin Bcos ¢ r 
ms D == are tS eg sin 6 sly” (8.57) 
The phase shift of envelope @) is the function of both azimuth 
% 
@ and angle ¢. 
ye 
ian 
2 Output potentia) of the detector of the receiver is aqual 
‘ Ug == Up g Sin (QE+ D), 


If the reference voltages, supplied to the phasa discriminators, 
have the same sup2lementary phase shift #, i.e., 
Ug, == U,, g Sin Ot " Wg = Uy g COS (OE FF)» 
TU = &RA-T 
that the output voltayes of balance phase discriminators will be 


u,= AU sin ®, 
y= AU cos(» -— 9). 


The angle of daflaction of the scauning/sweep of ray/beam on the tube 


of indicator will be defined as 


sind 


teagan 
oo cos ( — 4) 


=1g0, a-6. 
In this case, thace is no error of direction finding. Depanding on 
value # = const with a chanye in the azimuth 6, is chang2] by A and 


respectively the amplitude of the heam deflection on tuba, that it 


r oe 








"a 


does not lead to bearing ertor. 


Lf in refar2nce voltages there is no phase displacemant #, i.e., 


7 Doc = 77223223 PAGE -2 
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1 Ng, =U,,.8in Ot u uy =U,,, cos M1, 
dl ne and 7 
ot 
OMG = 
ma the output voltaj2s of balance detectors are defined by the formulas 
af 
vin u,= AU sin® 1 uy== AU cos®, 
-_ ; LU -anAaL7 
i anv 
: A the angle of d2flection of ray/beam on tube will be jiafined as tq « 
4 
; 3 = tg, where a = 6 + Aj; A is a bearing error. 
‘ 
Page 482. 
i 


From formula for m (8.57) it is possible to find error A: 





tg Aca —— tiny - sin 26 + sini2g -- yp 
I+ cos 26 + cosy — cus (28— yy ° 


For small # the error A is small and is determined by the 


formula 
— 9 (i —cns 26) 
; ~ "2-9 sin 20° 
Maximum error will be at 4=90°, 270°, it is equal to 


The fielis of ceradiation, which are located in quadrature with 


ground field, cuuse the errors in phase-meter radio direction finders 
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both with mechanical and with the electrical rotation 9f cadiation 
pattern. The character of errors is completely analogous to the 
character of the arrors, caused by the same reason in fixed loop 
radio compasses (§8.1). Their value can be estimated by formulas 


(8.8) and (8.9). 


i 


Selection of the frequency of rotation (modulation) in phase-meter 


direction finders. 


From the viewpoint of obtaining minimum errors jiu2 to a change 
in phase displacement of envelopes during imprecise tuning and the 
achievement of high interference shielding from the signals of the 
mixing radio stations most desirable are small modulation 


frequencies. 


However, in this case are limited the possibilities of direction 
finder on the stable direction finding of pulsed and short-term 
transmissions. Foc obtaining high-definition displacement in systems 
with the tracing »f cadiation pattern, the duration of the 
premise/impulse of telegraph signal must be 5-6 times nore than cycle 
tine of rotation. So, for the duration of normal telegraph 


premise/impulse 20 ms, the frequency of rotation must be order 250 


A ae ee pes ati on 
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HZ. The direction finding of short-term momentum/impulse/pulses with 
large porosity is possible, if they follow with high repetition 


frequency (several times higher than frequency of intermodulation). 


During the rotation of narrow-lobe diagram, minimum iuration of 


Signal is equal to the period of turn. 
Page 483. 


The frequency of nodulation must be selected also from th2 conditions 
of the absence of the coincidence of the frequencies of 
intermodulation and modulation of signal. However, experiment shows 
that this criterion on is definiti.. The selection of the frequency of 
modulation in the spectrum of word was not virtually led to the 
noticeable errors of direction finding, since the coincidence of the 
frequencies of internal and external modulations was random and 


short-term. 


In the existing systems with the mechanical rotation of 
radiation pattern, the rotacional speed of design considerations does 
not exceei 3000 c/min (modulation frequency 50 Hz). Therefore their 
possibilities on the direction finding of pulse and short-tern 
transmissions ara very limited. In the direction finders df short 


waves with the electrical rotation of radiation pattern, are utilized 
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the modulation frequencies from 50 to 250 Hz. in VHP direction 


finders of nodulation frequency, they lie/rest at the range higher 


than spectrum of word and they reach 5~6 kHz. 


Por the purpose of an increase in the sensitivity, and also the 
provision for direction finding of the pulse transmissions in radio 
direction finders with the rotation of “coetnusciaal radiation 
pattern, are applied selective systems at the frequency of rotation 
and the different circuits of the accumulation of signals [8.14, 


8. 34-8.36]. 


8.7. Radios direction finders with large-base antenna syst2m. 


Amplitude direction-finding method. 


In large-bas2 radio direction finders greatest application/use 
has motionless circular antenna system with antenna commutator, which 
makes it possible to carry out direction finding from all azimuths 
(0-360°) (see § 3.11). As was shown in § 5.3 and § 6.5, in large-base 
antenna system for a decrease in the errors due to the influence of 


envitrcnnent and propagation it is expedient to take the separation of 
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antennas as possible large. however, an excessive increase in the 
diameter of a circle of the arrangement/permutation of antennas 
encounters structural/design and operating difficulties. At the same 
time, if an increase in the diameter of a circle of system to 4S d 
is led to an essantial improvement in the ehawaceerteticen.chen a 


further increase in the diameter manifests itself much smaller. 


Page 484. 


Direction finding can be realized visual either for audition on 
the maximum, the ninimum, or according to comparison method (§2.3). 
For the execution of comparison method, antenna commutator must 
simultaneously create two equivalent, displaced to certain angle, the 
groups of antennas, for example along lines AA, and BB, in Fig. 3.40. 
Bearing corresponis to the coincidence of equisignal line with 
direction in radio station. Is feasible the phase-meter m2thod of 
reading, for which is required the high-spin motion of antenna 


commutator (Fig. 3.38 § 8.6). 


Without the cotation of antenna commutator, is realized 
automatic direction finding in certain sector QA0' nares in this 
case they are utilized two subgroups of antennas and two-zhannel 
receiving indicator. Formula for calculation QAO rane (3.85) is 


given in § 3.11. 3y the rotation of antenna commutator the sector of 
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direction finding is moved within limits of 360° The determination 

of bearing consists of the measurement of a phase differance of the 

stresses 9f the antennas of subgroups. The methods of measurement of 


a phase difference are presented in § 8.6 and in the second section 


of this paragraph. 


In the antenna commutator of radio direction finder, the 
electrical delay-line length between the separate plates of rotor is 
designed, on the basis of geometry by the antenna of systam for 
certain mean angla of the slope of a front of wave g, For other 
angles of the slope &, appears high-altitude error. Value is 
selected such so that the high-altitude errors for angles Buaneand | Barr 
would be approxinately identical. Let us calculate high-altitude 
error A, for by the circular antenna of system with the 
Simultaneous use of all antennas with direction finding from the 
winimum oc from maximum. To the reading of bearing corresponds the 
position of the rotor of antenna commutator, when =A, :and the 
differential voltage of antennas (3.97) is equal to zero. For 
differential voltage it is possible to be faceted one first term of 


series (3.97) 


U,= 4E veel; (+ 6A) sin (y+ +— 2.) cosec = =0, . 
| : : (8.58) 


where by formula (3.88), set/assuming gin gf’—=sinA, » As, 
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a (8.59) 


cos 


Gq - tha angle of the axis of the symmetry of commutator with the 


nearest clockwisa antenna (see § 2e7 1) 6 
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Let us detonate: 2, the angular width of the plat2 of the 
rotor of antenna sommutator. We assume that there are no errors due 
to the disturbance/breakdown of the electrical lengths 9£ the line of 
time delays. For the directions of radio Stations, which are 
characterized by condition ee y>a,>7 fron (8.58) and (8.59), 


we will obtain 
Hy=— (24) (12th), 650) 


During calculation 4, for the directions when O<a,<7 Or 


2 ; 
* >a,> 2 —a,one Should consider that into differential voltage 
(8.58) instead of a difference in emf of the antennas of the n-th and 


n/2-nd, Calculated by (3.96) when m =n by the formula: 
U,, A = 4Evheel( > bA) cos (Y = a), 
will entec voltage difference of identical phase (respectively a, = 


0); each of which is proportional to the Capacitance/capasities of 


the communication/connection of the plate of the stator of the n-th 
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(and the n/2)antenna with the plates of the rotor of the antenna 


ty ne Oy dabdita add Bek albs aati! oy 


commutator: 


+ 4—%,\__ 
Ut, =4E Mel, (764) cos Y (se = )= 


2 AE heel, (5-04) cost +. 


idee ile sath ddan thidwaniea oh valde oe 


High-altitul2 error is designed from the expression 


b salle 


U,—U,,+U',,=0 4 
or j 
sin (1+ -—a,) cosee -F- — €08 (y — a) + St-ces ¥ =0, % 
(8.61) : 
4 
j 
AssuWing that Z 
: rT nr . r Tr 
sin-- =, sin (¥ +4) 1+ te 
cosec — = -, 70S { A¥ COS({ —a,) as 1, 
and also vy tikiny into account (6.59), we will obtain from (9.61) : 
initial expression for the calculation of high-altitud2 error A’, 
with 0 ¢€ ag <n 24) 2 Aq 2 2w/n = 4 (iee@. for xg within limits 
== 4) ; 
pany nm 
re (Ss), 
whence 
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: 
: 
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. / el __ cos Be 
A yp == %, i —_— a a ( cary (8.62) 


the maximum value of high-altitude error is obtainei from (8.60) 


and (8.62; when Gyo y: 


| 4, Mako ~— 








(SH) wh 9 


where n - a numbec of antennas; NW is a number of plates 2€ the rotor 


of antenna commutator. 


Figures 8.43 depicts a change in the high-altitude error 
depending on angl2 & for case of n = 18 N = 36, Bo=30" curve 1 


corresponds 8 = 60°, curve 2 is designed for fp = 0. 





poc = 77222723 PAGE war 


‘ gor 





& 





\ 
\7 
--—15 







cl artes hetiheda 5,65 
n= 18 KD tant B=60° 


N236 : =o9¢ 
b 6, 730° iy Kpuban2 6 0 


Fige 8.43. High-altitude error of circular system. 


Key: (1). Curved. 
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With N =n, high-altitude error is not developed. For a decrease 
in the high-altitade error, it is expedient to decrease the number of 
plates of the rotor of antenna commutator. However, in orier to 
achieve the smallest disturbance/breakdown of the design2i electrical 
lengths of the lines of the time delays in the situations, when the 
plete of Stator overlaps two plates of rotor, it is expedient to 
increase the number of plates of rotor. Therefore the selection of 
the number of plates of rotor is a compromise of the indicated 


opposite cequirements. 


So that the shunting of the lines of time delays with the loads 
of the feeders of antennas would not change calculated lengths, load 


impedance must be 4-5 times more than line characteristic [3.4]. 


In large~bas2 radio direction finder besides by the sircular 
antenna of system it is possible to use the rotatable rectilinear 
series of antennas with the distance between extreme antennas, long 
wave lengths. The method of the reading of bearing can be undertaken 
by any, used in rotatable antenna to system (visua). 9r auditory 


reading on the minimum or on maximum during the manual rotation of 
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antennas, phase-aater during rotation by motor or other). 


Including in the antennas of a rectilinear series th2 variable 
time delays, it is possible to carry out with motionless antennas 
rotation of the radiation pattern in certain sector. Finally, with 
established/installed motionlessly such @Z Array of anteanas, 
usually with reflactor, is realized sector direction finding 
according to the principle of the measurement of a phase difference 
of the stresses 9£f the halves of the antennas of system. [he sector 
of direction finding in both cases is limited to the allowed values 
of high-altitude error and distortions of the form of cadiation 


pattern. 


Phase-difference jirection-finding method. 


Let us examine phase radio direction finders with notionless 
antennas. Phase-difference direction-finding method with four spaced 
antennas is desccibed in § 2.3. In the case when it is required to 


determine only azimuth @, are applied two spaced antennas. 


Page 4A, 
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If 2b - the separation of two antennas, ¢ - phase displacement 
of their anf, @ - azimuth relative to perpendicular to tha line of 


the arrangement/parmutation of antennas, B - the angle of the slope 


of a front of wave, then 


we bcosfsin é 


or 





0=arcsin zg + 
i ocost 


“and 


.p== arc cos qo: 
rosin’ 


The iependense @ and f on ¢ is nonlinear. Only at low values 6 


and P= By 


b=, (8.64) 


where kn is a scaling factor from # to @: 
dr 
h'n => 608 fg. 


Por shtainiag high accuracy in phase radio direction finders, is 
taken the separation of antennas much larger than wavolenjth. 
Actually, if we designate: A% ~ the accuracy of reading of a phase 


difference of the stresses of antennas, A®@ - the accuracy of the 
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Go b a 
measurement of azimuth, AB - the accuracy of the measuremant of 


high-altitude angle that, 


3 


Aj==——_AY Ap —_ 4 
“i bcos Ocus 6 VO sin é sing 


ise. AG and AB they are improved with an increase 2b/\. 


afbtsleuwea 


the best accuracy of the measurement ot azimuth 6 is obtained at 


, ‘ 
6 = 0 either 180°, the best accuracy of angle measurement of the 4 
slope of a front of wave fA - when 0 = 90 or 270° When 2b/r > 1 
appears the multiformity in reading 6 and f. 
Page 489. 

} 


For the resolution of multiformity, is applied one or s2v2ral 
supplementary antanna systems with smaller separation with the 


phase-difference oz other method of reading. 


As it was mantioned, according to phase principla is realized 
sector direction findiny in by the circular antenna to system and in 


the system of the antennas, arrang#/located on straight line. 


Besides the described in § 8.6 wnethods of measurement of a phase 


difference, are applied even compensation methods. 


ee 








gee 








DOC = 77223223 PAGE #4 
Go? 

Figures 8.443 depicts tha block diajyram of the c3upaisative 
method of measuranent with manual control. In the channel of 
amplification of one of the voltages, is included the phase inverter. 
The circuit of comparison makes it possible to convert both compared 
voltages so as frjim indicator to find the position of the phase 
inverter when the phases of both stresses coincide. Somatimes in one 
of the channels for the selected method of measurement of phase 
coincidence, it is required to still provide the equalization of the 
amplitujes of strasses. As the circuit of comparison are applied the 
cascade/stage of sum ov difference, the voltage converter into 
momentum/impulse/pulse, etc. As the indicator of phase coincidence 


can serve dial instrument or cathode-ray tube. 


Figures 8.44b gives the block diagram of the automatic 
compensation for a phase difference with servo system. Phase inverter 


rotates by the motor which is supplied by the current sf the circuit 


of} control. 
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Fig. 8.44. Block jJiagram of the compensation method 9f tha reading of 


the phase: a) with manual control; h) with servo systen. 


Key: (1). Channel. (2). Phase inverter. (3). Comparison circuit. (4). 
Indicator. (5). Eyualizer of the amplitudes of stresses. (6). Motor. 


{7). The phase discriminator. (8). Circuit of control. 
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The circuit of coatrol dévelops voltage only if the current of the 


phase discriminator is not egual to zero 


As is known, the current of the phase discriminator is 


determined by product | pj, = AU poraxU gnsrx Si and Vonz= 0 when @ 


= 0. 
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The automatics ciccuit of compensation possesses inertia and 
therefore it is applied when it is not possible to expact a very 
rapid change in the phases. The compensation methods of somparison of 
phases have accuracy of measurement on the order of 1°. It is 
possible to raise accuracy by means of frequency multiplisation, but 


in this case measurement within limits of 360° becomes many-valued. 


In the two-caannel receiving indicators of phase radio direction 


finder, can be applied sum-differential method of the reading of 


bearing on cathoda-ray tube. % 


The dissimilarity of the factors of amplification of the 
channels of receiver in amplitude and in phase after sum-difference 
block/module/unit is led to the errors of reading and to the 
ellipticity of image, examined into § 4.3. The azimuth ecrcor of phase 
radio direction finder hi times is less tnan the error of reading 


according to the scale of the cathode-ray tube where 
2n ry 
ky = bcos B= 0,5h'y. 


Let us examine the effect of the nonidentity of the shannels of 


receiver to sum-and-difference block/module/sunit. 





chitcidsad 
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: g(0 2 
5 % 2s i] * b, cos fain 8” a 
Nis Let us designate: Eyhoe 7) © fac hatne and E,h,e 3 
oi - voltage on the input of the channels of receiving indicator, b and ce’® 2 
| - voltage on the input of sum-and-difference block/module/unit after 3 
3 
{ 
. amplification in channels, %, j%~ the separation of the equivalent 2 
‘| pair of antennas, Eq - the strength of field at the center of systen. = 
r Then the sum of voltages on the input of sum-diff2rential 3 
f = 
i block/module/anit q 
: U,=b-+ce!*® = (b+ ccos®)+ jesin®, (8.65) 3 
h, qi 
Page 491. ‘ 

: 3 
z The differense in voltages, out of phase 909, will be i 
{> F 
U,=/ (b—ce!®) =csin®-+j(b—ecos). (8.66) 

4 

4 a 

Is further included cathode-ray tube. 3 

: 

Equation for an image on cathode-ray tube face can be written in ; 

the form : 
U,cosa+U,sina=L : 

or 4 
L=[(6+-ccos®) + jesin ®] cos a+ 
+ [ce sin ® +- j (6 —e cos )] sin a, (8.67) ; 

; 

Formula (8.67) is the equation of ellipse. ; 

3 
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We will use expressions (111.3) and (III.6) of appeniix IIL for 
determining the angle of the slope of the transverse ‘yn, and of the 


relation 9f seniaxes of ellipse A/B. 


On the basis of 'omparison of (III.1) and (8.67) we find 
l==b-Lecose, m=cesin®, rzam—csin®, 
= — (6 — ¢ cos ®), 
From (III.3) we have 
to 2tume =a te, (8.68) 
ite. independent of the amplitude ratio of stresses on th? input of 
the sum-and-diffecence block/modulesunit 
Quan == 0,50, (8.68') 
Thus, the angle of the orientation of the transv2cs2 of image on 
cathode-ray tube is always equal to one-half angle of a phase 


difference of tha input voltage of sum-and-difference 


block/module/unit. 
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The catio of the semi-axes of ellipse from ({III.6) is expressed 


hy the formula 





AL 2 (mn — lp) hes MoE 
B Rpm pat pV Get pe my a(n mye ORC 
(8.69) 


indeperdent of phase displacement «. 


« 


Supplementacy phase displacement of voltayes on tha input of sun 


and difference block/moduleyunit because of identity of saannels 


Ab =» — % 6, cos Bsin 4. 


This phase displacement creates a change in the angl2 on the 


scale of the cathode-ray tube 


Aa == 0,540 =0,5 (@-Fo cos 8 sin 0) (8.70) 


and the azimuth error 





4 
AO= = = 
. “x bs cos B 


Thus, bearing error is caused by the dissimilarity of the 
arguments (phases) of the amplification factors of the channels of 


receiver to sum aid difference block/moduleyvunit. The inequality of 
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f 
the modul2/moduli of the factors of amplification of channels is led 


only to the ellipticity of image (8.69). 


The reasons for phase displacement of voltages of channels can 
be different. In § 8.5 are given expressions for phase displacement 
of signal carriec frequency in single-channel receiver due to an 
inaccuracy in ths tuning for signal frequency in the casas of the 
single and couplad circuits in the cascade/stages of amplification. 
If the channels of two-channel receiving inaicator have ijentical 
selectivity curcvas and identical resonance frequencies, then an 
inaccuracy in the tuning for signal frequency will not laad to a 
supplementary phase difference of output voltages. Using the given in 
§ 8&4 formulas, it is possible to calculate phase displace wents in 
the different cas2s of the nonidentity of channels ind during 


imprecise tuning for a two-channel receiving indicator. 
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In [8.38], ace carried out the calculations of a supplementary 
phase difference Ymane of the output voltages of two-channel 
receiving indicator for the different cases of the nonidentities of 


channels and to imprecise tuniny on the frequency of sijgaal during 


application/use in the cascade/stages of single ducts. 
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otk In Fig. 8.45 are given the dependences of supplementary phase E 
; differences of output voltageS xane from the number of 3 
“| cascade/stages with detuning within the limits of passbani for 3 
i several special cases: : 
h . ‘ 
a : 
Page eI We Olass 
c 2 aga §=1,0 240 = 0,2B,,, 
: 3 aga §=1,0 n@240—0,38,,, 
‘ 4 am §=1,1 hf A» == 0, 
5 ama §==1,2 we’ Awo=0, 


Key: (1). for. (2). and. 


se, ee 


where wo, 1, We are signal frequencies and resonances of first and 


second channels, 8, and Bg - the bandwidth at the level 9.707, 
Ait Fs = Bop, at Ao = w, — o,. 


From curves it follows that most strongly is developed the 
dissimilarity of the resonance frequencies of the ducts 9 channels 


(Aw), the dissimilarity of passhands in channels (€) it manifests 


itself less. 
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Fig. 8.45. Depandance of maximum phase differences on number of 
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Due to the nonidentities of channels and inaccuracy in the 
tuning, can appeac large errors. Therefore in phase rajio direction 
finder for obtaining high accuracy, it is necessary to systematically 


control and respectively to regulate the identity of th? parameters 


of channels and tneic amplification factors in phase. 
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In the receiving indicators of phase radio direction finders, 
are applied the different methods of the complete or partial 
association of channels, based on the same principles, as in 


amplitude radio direction finders (see § 8.4). 


Figuces 8.46 depicts set-up with conversion of frequencies in 
channels into close in the rating of frequency. Let the voltages on 
the input of high-frequency amplifiers (UVCh) will be U, sin »t and 
Us Sin (wr + #). To first mixer (SM1) of one of the channals, is 
given the voltage of the generator U, sin (wt I-%r). To the first mixer of 
aera channel, is given the voltage from the output of the second 
mixer (SM2), obtained by the addition of the voltages 9f frequencies # 


and 2, moreover Q <a;: 


U", sin [(@y +- Q) t+ or + 9%). 


' oe VoPr eee of close in rating intermediate fraquenzies 
Wy = Or — 

A sna o";=o0,—o+Qare amplified in common/general/total amplifier 
(UPCh).-After detector-mixer is obtained the voltage of frequency 2. 
If in channels UVCTh and in channels UPCh phase displacements of the 
amplified frequenzties are identical, then on the output of 
detector-mixer voltage takes the formU,sin(Qi+9,—g)The aeasured phase 


difference in frequency 92 is equal to a phase difference # in high 


frequency in the input of channels. 
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Fig. 8.46. Block jiagram of two-channel receiving indicator with 


frequency conversion in channels into close in rating of value. 


Key: (1). detector-mixer. (2). Meter of phase difference. 
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In [1-14], is described the based on this principle more sompound 
circuit of phase radio direction finder for the direction finding of 


artificial Earth satellites. 


Figuces 8.47 depicts the block diagram of single-channel 
amplification witn the transformation of signals according to the 
method of heterodyning. One Of the voltages of signal U, sin wt is 
fed to the inputs of two balanced modulators B1 and 382, to which will 


be feed/conductei also the voltage of the reference oscillation of 
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low freyguency.U, sin OX. 


Voltage om input Bl, where they enter voltage U, directly and 
voltage U, with phase displacement 90° (in Fig. 8.47 cell/elenent D2 


- 90°), it will ba 
4, = U, sin mt -{- U, cos (Ot +L 9,). 


Voltage on input B2, where enter voltage after phase 
displacement to 999 (», 7 90°) atd voltage U, directly, has the 
expression 


=U, cos wt +-U, sin (Qt +- 9,), 
where 9 is an initial phase of the voltage of r: terance frequency. 


Output potential of the halanced modulators, connected to the 


input of receiver, will be 


Uy = KU,Y, [sin wt cos (OF -+- 9) + cos wf sin (Q¢ + 9,)] = 
=U sin [(@ + OJt + gy). 
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Pig. 8.47. Block jiiagram of single-channel receiving indisator with 
the transformatio1a of signals according to the method of 


‘heterodyning. 


Key: (1). Receiver. (2). Indicator. 
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The second stress Us, sin (wt + ¢) is fed to the input of 


receiver directly. 


After square-law detection of voltages Ug and ug, is obtained 


the stress component of frequency 2: 
Lo max == Yasax Cos (Ql + 9, + 9), (8.71) 
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A phase difference of stresses (8.71) and of refecanse 
oscillation is equal to a phase difference ¢ of the voltages of 


signal. 


For the excaogtion/elimination of crosstalk before the balanced 
modulators in Shaaneie; can be provided the high-frequency 
amplifiers. Howevar, this complicates diagram. To diagram are 
characteristic the deficiency/lacks, connected with the 


application/use of nonlinear cell/elements in receiving circuit. 


If in two-channel receiving indicator of phase radio direction 
finder, is usel sum-and-difference block/module/unit, then the part 
ef the amplification it is possible to realize before sum and 
difference block/module/unit according to phase principle, the part 
of the amplification after sum-and-difference block/module/unit - 
according to amplLituce principle. In this phase-amplitude receiving 
indicator (see § 2.3), are somewhat lowered the requirements for the 
identity of separate cascade/stages and is facilitated the 


development of radio direction finder. 


Let us examine an example. Let the amplification and selectivity 
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in receiving indicator he realized in essence six by casztide/stayges 
of IF amplifier. We are assigned k'y=8 and by permissible 
instrument error 0.29, in Tahle 8.3 are designed the pernissible 
nonidentities of the factor of amplification of one cascade/stage in 


amplitude and in tha phase on the assumption that: 


a) all the amplification carried out according to 


phase-difference nethod; 


b) all the amplification carried out according t2 amoglitude 


method; 


c) are 2 cascade/stages accoriing to phase method and & on 


amplitude. 

As can be saan from Table 8.3, requirement for the ilentity of 
channels in the third version of receiving indicator somawhat they 
descend in comparison with the first two versions. 
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In {8.24], ace dascribed the results of the tests of phase radio 


direction finder for frequency tand 3-30 MHz with antenn2 system of 


two mutually parpandicular pairs of the vertical wire antannas (Fig. 
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2.11). For diraction finding were utilized pairs 1-3 and 2-4 with 
separation 120 m and pairs 1-2 and 2-3 with separation 84.6 m with 
two-chann3l receiving indicator. For the resolution of multiformity, 
was applied goniometric radio direction finder with diverse vertical 


antennas. Were compared the results of direction finding on phase and 


goniometric systeis. 


Se 


The average yuadcatic instrument error of systems, determined by 





direction finding at frequencies 5-7 MHz of transmitter at a distance 


apt 
aati 


of approximately 3-5 km (terrestrial wave), render/showel;: 

for phase raiio direction finder 0.2°, 

for goniometric radio direction finder 1.5°. 

With the dicaction finding of 95 remote radio stations in the 
range of frequenties 5-25 MHz, the readings were taken during 30-50 s 


for each performaice. Mean Syuare errors render/showed: 


of pnaase cajio direction finder with separation 120 n 1.249, 


with separation 84.6 m 1.49; 


of goniometric radio direction findar 3.489, 


a a ee ee 


: 
i 
; 
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a Is known tha applicationsuse of a phase radio direction finder 


4 in ultrashort-wave range (200 MHz) for radiv-astronomical 

es observations and the direction finding of the artificial garth 
satellites and the spacecrait. In radio direction finder «ere 
utilized two parabolic antennas Size/dimensions 8 x 18 and 11 x 22 
NM, spread up to distance on the order of 100 wavelengths when the 


lug/lobe of radiation pattern was equal approximately t2 30 min. the 


accuracy of direction finding was +1 min [8.11]. 
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Table 8.3. Requiraments for the cascade/taye of IF amplifier. 





(CP) | Ronee HeOANMaKOnoc Ta 
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( Sdasosnit ah 0,6 | JhoGan 
CGAnunautyanot (8 Yhosan +0, 12 
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Key: (1). Direction-finding method. (2). Permissible dissimilarity of 
amplification. (3). on phase, deg. (4). in amplitude, o/o. (5). 


Phase. (6). Amplitude. (7). phase-amplitude. (8). Any. 
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Pulse radio direction finder. 


With the diraction finding of pulse transmissions, it is 


possible to measure not a phase difference of the stressas of 


antennas, but difference in time began the inductions of 
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momentun/impulse/pulses in diverse antennas of radio jiresztion 


finder. 


The simplest diagram of pulse radio direction finder with two 


diverse antennas is depicted on Fig. 8.48. 
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The voltages of antennas A, and A, with the aid of synchronously 


switching circuits PP1 and PP2Z are fed to the input of receptor and 





from its output to vertical plates of cathode-ray tube. Voltage Ay 
falls on the platas of tube directly, voltaye Ap ~ after calibrated 
delay unit and reverser of phase to 1809 Timer synchronizes the 
frequencies of switchinys (PP1) and (PP2) and the frequency of sweep 


circuit which is connected to the horizontal plates 2f cathode-ray 
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Fig. 8.48 Pulse radio direction finder. 
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| Key: (1). Recaiviag arrangement. (2). Delay unit. (3). Raverser of 4 
: phase to 1809 (4). Timer. (5). Sweep circuit. ‘ 
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By delay unit they attain pulse coincidence. Time differance of the 
arrival of momantum/impulse/pulses at two antennas is counted off on 
delay unit, is@e, 


26 


At= se 





sin 4 cos B. 


Delay time determines bearing. Countdown is facilitated Jaring the 


use of gauging tine/temporary marks. 


The accuracy of the coincidence of momentum/impulsa/pulses can 
be sufficiently Larye, approximately 0.03 pulse durations. At the 
Same time, the accuracy of direction finding is obtained low. In the 
directions where the accuracy of direction finding is graatest (about 
perpendicular to base), with error in time 6t angulat bearing error 
will be 


ot 
A= 3. 10'; 
for example if 6t = 0.03 ys, 2b = 500 my Aw 1°, 


This method is applied for the direction finding of atomospheric 
discharges at freyuencies on the order of 10 kHz In [8.25], is 
described the system of three spread up to distance 1/3 - 1/10 
wavelengths of tha vertical wire antennas 38 m in height. The 
determination of bearing is reduced to the measurement Of time 


a@ifferenca of the appearance of momentua/inpulse/pulses of 
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atomospheric discaarges at the output of three identical amplifiers, 
connected to antennas. This system is named E - @ by systam. The 


accuracy 9f direction finding is evaluated approximataly at u.5-1%, 


8.8. Radio direction finders with cyclic measurement of phase in high 


frequency. 


The operating principle of phase radio direction Finier with the 
rotatory antenna is examined in chapter 2. The practical 
implementation of the long tunning of antenna causes considerable 
difficulties, sinse radius of gyration must be great in order to 
decrease the interference errors and the errors of local environment, 
but -he rotational speed by sufficiently high, that would become 


possible the rapid direction finding. 
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For overcoming tha indicated difficulties in radio direction finders, 
continuous rotation of one antenna is replaced by the series 
connection of a series of the antennas, arrange/locatei in 


circumference (Pij. 8.49). It is posssible to change over antennas 


with the aid 9f machanical or electron commutator. 
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qn" 


On Fig. 8.50 is yiven the circuit of capacitive commutator. The 


a a 


stator of commutator is a series of plates 1, 2, see, Ny 
arrange/located in the circumference to which are conaected the 
antennas. The plate of rotor is connected with receiver. [t is 
possible to supply several receivers from one by antenna of systen 


and to realiza simultaneous direction finding of several Stations, 


te 


for which are provided several plates on rotor. Rotor cotates with 
the aid of motor. When the plate of Paeee is located aoov2 any (for 
example, the k-th) plate of stator, is obtained the greatest 
capacitiva coupliag of receiver with this antenna. The phase of the 


stress, removed to receiver at this moment, corresponds t> the phase 





of emf induced in the k antenna. When rotor turns itself and its 
plate will stop above the plate of following antenna (k + 1), 

removable on recaiver voltage has the same phases, as amf (k + 1) 
antennas. In the intermediate positions of rotor, the ceceiver is 
connected with both antennas and voltaye at the input of receiver 


gradually changes the phase from value, corresponding t> emf in the k 


antenna, to value, corresponding to emt in (k # 1) antenna. 


' ne eee ee ee oe ee 
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Fig. 8.49, Switching circuit of antennas. 


Key: (1). To receiver. 


Fige 8.50. Schamatic diagram of capacitive commutator. 


Key: (1). To receiver. 
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Change vi the phase of voltage on the input of receiver which would 
be obtained ducing the rotation of single antenna, is shawn to dotted 
curve in Fig. 8.57. A chanye in the phase during the ratation of the 
rotor of commutator is represented in this same the figura ofr 
unbroken curve. This is the same sinusoid to which are superimposed 
the small oscillaticns, counected with the transition of the plates 


of rotor from connunication/connection with one antenna to the next. 


Electronic switching can be carried out by different means. Is 
Most expedient the a, plication/use of semiconductyr diodes, which 
possess a small capacitance/capacity, Small resistance to tue current 
of furward direction and large resistance to countercurrent. An 
evample of the circuit of electronic switching is repr2santed in Fig. 
8.52. Fach of the antennas is included to the input of the receiver 
through the same commutating circuit which is depicted in figure only 
for one antenna. Point A of the commutating circuit through 
resistor/resistance Rk, is connected with the impulser fron which 
during entire period of T ot Commutation, with the exception only of 
short intarval/gap r, is fed negative voltaye. Positive pulses with 
duration yr are fed consecutively to each antenna and ducing 


commutating period fall on whole n antennas. 
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Fig. 8.51. Depeniance of phase of output voltaye from position of 


rotor of commutator. 


Key: (1). Phase. (2). Angle of rotation. 
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Negative voltage at point A cuts off dioles Dy and Dy, cutting off 


the antenpa circuit from the input of receiver and turning on in the 








> 
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circuit of the antenna load resister Rg and triggers the jliode Ds, 
which closes point A to the earth. Throttleschoke L serves for the 
transmission of the uirect current of diodes. Positive pul s2 makes 
diodes Dy and pg those who carry out. Antenna is connected with 
receiver during saort-circuited resistor/resistance Ro. 
Simultanesyusly is cut off diode Dy and is removed short circuit to 
the parthe A Chaajge in the phase of stress on the input of receiver 


(Ris. 8.53) occurs irreygulurly in accordance with tha connection of 


the new antenna through time intervals r. 


With any aetaod of commutation in the input of receiver enters 
the voltage of the high frequency of alternating/variabla phase, 
i.e., phase modulated. The period of modulation is equal to 
commutating periol a the initial phase of medulation curva it is 
egual to bearing. Phase-modulated oscillation is also freyuency 
modulated, since freyuency, egual of derived phase on tima, in 


alternating/variable phase will be variable. 


For the manitestation of the phase of the curve of modulation, 


iee., bearing, it is necessary to produce demodulation, isolating 


modulation curve. 
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Fig. 8.92. Circuit of electron commutator. 


Key: (1). To receiver. (2). To impulser. 
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It is possible to produce demodulation in 


discriminator, or On phase, utilizing thea 


frequency, utilizina the FM 


phase discriainator. 


Accordingly, ace jistinyguished two basic versions circuits of the 
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935 


radio diraction finder in question. 


Frequency Cchanye, caused by the displacement of observation 
point at constant velocity, he is called the Doppler effact. In the 
radio direction finders in question frequency change is obtained also . 


as a result of th2 real or equivalent displacement of antenna. 


=9.8, 


Therefore radio direction finders of the type in question, in which 


wale 


is utilized fraquancy modulation for the indication of bearing, call 
quasi-Doppler radio direction finders. Of two the methods described 

above of commutation, mechanical method is more adapted for use 

during frequency detection. Actually, Fiy. 8.51 Shows that the 

derivative of phase in terms of time, iee., frequency, changes in é 
essence according to cosinusvidal law with the period, egjial to the | 
period of the rotation of commutator. On this fundamental curve are 
superimposed the freyuency variations with the period, equal to 

transit time from one antenna to following. These oscillations 

Subsequently easily can be filtered out. In the case of 2lectronic 
SWitching (Fig. 8.53) the derivative is turned theoretically into 

infinity at the tcrque/moments of switching antennas ani it is equal 


to zero (Lee- fraquency is constant) in the interval/gaps between 


svitchings. 
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Fig. 8.53. Change in phase of output voltage with electronic 


switching. 
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Key: (1). Phase. 
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Virtually transiait phenomena duriny switching occur not instantly 
and the overshoots of frequency have the finite quantity and the 


final duration, which depend on the character of transient process, 


The use of the obtained frequency modulation causes considerable j 
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difficulties. 


The cealization of phase demodulation is possible only by the 
path of the comparison of two oscillations a phase differance of 


which is isolated by the phase discriminator. 


During the jdascription of the operating principle of radio 
direction finders with the rotatory antenna and the phase-difference 
method of reading (§ 2.3) was examined the easiest method - 
comparison of tha phase of the stress of the rotatory antenna with 
the phase of the stresses of motionless antenna. Usually is applied 
another mathod; acre compared the phases of the stresses in two 
adjacent antennas. Yor this purpose, the voltage, removed from any 
antenna (for example, the k-th), is delayed by the filter of time 
delay of time r. This delayed voltage and the undelayed voltage (k + 
1)-1 antennas are compared between themselves on the phasa2 
discriminator. The radio direction finders in which is utilized phase 
modulation by means of the comparison of the voltages of two adjacent 
antennas, they are called differential-phase radio dirastion finders, 
Electronic switching makes it possible to carry out a 


differential-phase direction finding sinpler than mechanical. 


Let us examine the considerations, which determin2 the selection 


of the main pacamaters of phase radio direction finder with the 
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switched antennas. 





Diameter sf a circle alony which are arrange/located the 
antennas, it is desirable to make largest possible for a decrease in 


the local and interference errors. In § 563 it is Shown, that an 


i idl aaa acai 


a 
ai 


increase in the saparation of antennas up to 2R/X = 3-4 Sharply 


decreases local errors. a further increase in the Separation smaller 


affects local errors. 


Final dimension is establish/installed as compromis2 between the 


given reguirement and structural/design and operating requirements. 
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For jeteraining the necessary number of antennas, let us examine 


the spectrum of signal during the rotation of single antenna. The 


#hbiae 


voltage, removed to the input of receiver, is equal (2.19) with fp = 0 





| e= En sin [ol 4- mR cos (Ot — 6)}. (8.72) 


From the theory of frequency modulation, it is known that the 


spectrum of the frequency-modulated or phase signal consists of the 
infinite series 9f the side frequencies, which differ in frequency 
from the carrier on +k, where k is a number Of harmonic, and that 


the essential for reproduction side freyuencies range froa ? tu MQ, 
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r where M is an index of modulation. In this case M=me. Utilizing 


the changed over antennas, we replace continuous modulation curve 
together of its discrete values at the points of antenna Location. 
According to Kotelnikov theorem for the reproduction 9f curve to the 


limited spectrum together of its discrete values the distance between 


discrete points At must satisfy the condition 


y at < ap. (8.73) 


where fc is a boundary of the spectrum of curve. 


Assume 


lo= Me, w2 obtaia for angular distance % between the antennas 


d 


Q 
$,=QAt <= =I 


and for the linear distance 4d 
r 
d= Rb,< > (8.74) 


Thus, the distance between antennas must be less than the half 
of wavelength. In the case of differential-phase direction-finding 
method, this conjiition provides the absence of militiformity. 
Actually, the difference of phases p of the voltages of two 
antennas, arrange/located at angles Mr and Or it is equal to 


y= mR sin (944, — 0) — mR sin (8, — 0) = 
== 2mR cos (Cathe — 0) sin att te 
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The diStance between adjacent antennas is equal 


d=2Rsin + = 2Rsin Sapte 


Thus, we obtain 


‘y= md cos (atts = 0). (8.75) 


For proviling tha unigueness, a maximum phase difference must be less 
w and, therefore, d < \/2. Virtually the distance betw2en antennas 
takes ordar \/3. It is possikle to increaSe the distance between 
antennas to d = x This correSponds to the contraction of the band of 
the reprolucible Freauencies Z times, which still harely affects the 
distortion of the form of curved phase modulation. For an 
exception/elimianation in this case of the multivalence of readings is 
conducted the twofold differential comparison of the phases: voltage 
with differential phase (8.75) is delayed in the second filter of 


time delay of tin? r and is compared with undelayed voltage [8.19]. 


The velocity of cotation or commutation of antennas is selected, 


proceding from the considerations, given in § 8.6. 


As single antennas are applied symmatrical or asynu2tric 


vibrators. The interconnections of working antenna with inoperative 
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Gg 
cause supplepentarcy changes in the phase of the stress in antenna. 
The frequency of these chanyes is higher than the fraguancy of 
fundamental phasa modulation, and during sutficient filtration they 
do not affect bearing. Requirements for the degree of filtration are 
reduced with a dasrease in the effect of the inoperative antennas. 
For this purpose, in the circuit of the inoperative antentas it is 
possible to involve relatively high resistot/resistances (see Fig. 
8.52). 

The passband of the frequencies of the receiver in high 
frequency must be selected in accordance with the wiith 9£ the 
spectrum of signal, i.e@., must be more than 2M =. In quasi-Doppler 
radio direction finders must be provided sufficiently small phase 


displacement of modulating cure. 
Page 507. 


The necessary passband is designed from data of § 8.5. In 
differential-phasa radio direction finders phase displacament, 


common/general/total for both compared voltages, are not caused the 


errors. 


Frequency stability of signal is especially important for 


differential~phas2 radio direction finders. During the divergence otf 
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signal frequency from the nominal frequency of the filter of time 
Gelay, the signal carrier frequency undergoes in filter phase 
displacement. The value of phase displacement must not ba great and 
in sum with the maximum value of alternating/variable phase must not 


exceed wv. They usually limit phase displacement by carcying value 
10-20°. 


For operational provisions of the filter of tima j2alay at stable 
freauency, it is posSible to utilize the circuit of conversion of 
freyuencies, in which the voltage frequency, which entecs the filter 


of time dalay, is equal to the frequency of the local oscillator. Tha 


latter is stabilized by quartz (see Fig. 8.55). 


Passband from low freguency is determined basically by the time 


constant of indicator. It can be undertaken in accordaase with the 


necessary velocity ot search and trackings (§ 2.6). 


The measucemant of phase in output is conducted by one of the 
™ 


methods, describeji in § 8.6. 


Because of tne possibility of using the different saitching 
circuits, the different methods of the measurement of phase and 
different structuce af receiving indicitor, is obtained the large 


number of versions ot the fulfillment of radio direction Finders with 
Lhe cyclic measurement of phase in high frequency. 
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Figs. 8.54 and 8.55 show two variations of block diagrams [8.20, 
ores 8.19] 





“FPigur2s 8.54 


ntibitccheradsdeut. (tenets soil. etic di 


depicts the block diagram of quasi-Doppler radio direction finder. 
motor revolves cadacitive the commutator of antennas. In one Shaft 
with motor, is located also generator of reference voltages, which 
creates two voltages of frequency 9, shifted between themselves on 


phase to 90°, Initial phase of one of the reference voltajyes is such 


. 
dene a oe eee mae decnnnn ¢ tee lteter tei 
we cama as nam te he mel a 
_ 
f 


te HSS an lec tabaci 


, that voltage is passed through zero at that torgque/moment when 
commutator realizes a maximum antenna coupling, which is found on the 
e initial line of the calculation of augles (line north - s>uth). The 


voltage of high frequency from commutator will be feed/conducted to 


amplifier (UVCh). 
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e 
Further it is converted in mixer (Sm) with the aid of tha local 


esas Udit sudan scdlbinel a des Me aera teal aba ht 2 Set dab 


oscillator ani is amplified in amplifier of intermediate frequency 


(UPCh). The intensive voltage is Limited in amplitude Limiter and is } 
detected by the FM discriminator. After amplification on low : 
frequency, output voltaje is compared with respect t> phase with ; 
; reference voltag2s. Bearing is raad from indicator. F 


Piguce 8.55 jlepicts the circuit of differential-phasa radio 


Wheat add HAD ok 


direction findar. The electron commutator is controlled by impulser. 


Momentum/impulse/pulses from sensor come also electronic reference 
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Ye + 
geéuerator, converting into them two sine voltages of the frequency of 


commutation, shifted one relative to another on phase to 30°. These 


two voltages supply indicatoi. 


The auxiliary omnidirectional antenna is applied in this circuit 
for the frequency conversion of signal into the stable frequency, 
determined by tha heterodyne, stabilized by quartz. Voltages fron 
commutatoc and from auxiliary anteuna enter the indepeniant 


high-frequency amplifiers (UVCh) and mixars (Sm. 1), supglied from 


common/general/total heterodyne. 
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Fig. 8.54. Block liagram of quasi-Doppler radio direction finder. 


Key: (1). Comnutator of antennas (2). To antennas, (3). Limit. (4). 
Heterodyna. (5). Phe FM discriminator, (6). Motor. (7). *enerator is 


supporting/referencee voltages. (8). numerator. (9). Indicator. 
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Pig. 8.55. Block diajcam of differential-phase radic direction 


finder. 


Keys (1). Commutator. (2). Impulser. (3). Reference generator. (4). 
Indicator. (5). Amplifier. (6}~. Limiter. (7). Filter of time delay. 


(8). The phase discriminator. (9). Heterodyne, (10). Auxiliary 
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antenna. (11). Mixer. 
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The obtained voltages of intermediate frequency separately are 





amplified in [IF anplifiers (UPCiu) and (PCh). The voltage of the 
intermediate frequency of the channel of auxiliary antenna is mixed 
in the mixer with the voltage of the quartz heterodyne of frequency frp. F 
As a result of transformation, ic obtained the freguency fiu—fu The : 
voltage of this frequency is mixed in second mixer (SM2) with the 
output voltage UPCh of fundamental channel, forming voltage of 

hua (Fas—fun) = fen. 
frequency 1 Taus, output povcential of second nixer has the 
stable fraquency, eyual to the frequency of quartz heterodyne and 
independent of the frequency of signal and frequencies of the first 


heterodyne, and also from their possible changes. 





Aftec additional voltage amplification of signal undergoes 


amplitude limitation and is ted to the phase discritinatoc directly, 


sisbeitialhic Sioned 


also, through the filter of time delay. In this filter tha signal is 
delayed to the time + = 2r/n, equal to time of the switching on of 
one antenna. The phase discriminator dev2lops a voltage %< the 
frequency of commatation. The latter is compared with reszect to the 


phase with reference voltayes ir to indicator it gives dicectly the 
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value of hearing. 


8.9. Autonation 9€ removal and averaging of bearing. 


Until now, w3 examined the radio direction finders in which the 
bearing is countei off by operator. With direction finding the 
operator takes either one reading, averaged for time of »bservation 


or he record/writeas several readinys and is designed of them average 


bearing. 


Were develop/processed also the methods of automatic, without 


participation oparator, the removal of the readings of hearing and 


their averaging "83.31, 8.32}. 


The block diagram of radio direction finder with automatic 
removal and the averaging of readings is shown in Fig. 8.56. The 
converter of tha dutput voltage of receiving indicator sonverts the 
voltage of receiviny indicator so that it becomes convenient for the 
calculation of tha angle of bearing. Under the action of the signals 
of the circuit of control according to predetermined program, are 


open/disclosed the circuits of counter-summator of the values of 


bearinys and counter of number of readings, and on termination of 
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averaging time is switched on resolver, which develops averaye 


bearing as quotient of the division of counter readouts. 


[Page 511] Instead of the addition directly of readings, it is 
possible to summarize other parameters from which is determined 
average bearing. During addition and calculation of avec2zje bearing, 
can be considered the weights of readings, proceeding, for example, 
from the signal amplitude and character of bearing (allipticity of 


image in two-channel radio direction finder, etc.). 


Most simply problem is solved in radio compasses with 
installation 9n b3aaring of antenna system or intermediate element 
between antenna system and receiving indicator (goniomatar, phase 
inverter, the antanna commutator). Fort the reading of bearing, it is 
not reguiced to transform the output voltage of receiving indicator, 
it is necesSary to only determine the position of the axis of the 
rotatable cell/element. It is possible for this to the axis of 
rotation to mount disk with several concentric path/tcacks each of 
which with the aii of commutator bars or photocells issuas the bit of 
the code of the position of axis. Figures 8.57 shows the location of 
commutator bars, dr the darkened bands on disk, with iniization with 
accuracy 1/64 about (6 bits). On line AAy, are establishn/installed 
the detachable brashes or the photucells, which record th2 angle of 


axis. In Fig. 8.57 angular indication corresponds to 110,101. This 
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; . means that the position of axis corresponds to 53/64 cirsunferences 
if from the beginning of calculation. For the elimination of the errors, 
I connected with the reading of code on the boundaries of sactors, is 
: developed the spetial code of Gray, and are also proposed other 

re methods [8.30]. 
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Fig. 8.56. Radio direction finder with automatic removal and 


averaging of bearings. 


Key: {1). Counter is the summator of bearings. (2). Antenna system. 
(3). Receiver Jisplay. (4). Voltage converter. (5). Circuit of 
control. (6).« Delivery of average bearing. (7). Countar of a number 


of readings. 


Paye 512. 


Encoders with sptical disk are released for a reading to 16 bits 


(65536 fixed,/recorded points). For obtaininy average baaring, must be 


utilized the latter of four cell/felements of block diagram (Pig. $.56) 
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On Fig. 8.58 is given block diagram for taking of baaring in 


radio direction finder with servo systen without the application/use 


of code disk [ 8.32]. 


By tae. servonotor, controlled by output cveceiver current, search 
coil of goniometer is installed on the bearing which usually is 
counted off for tae bearing which usually is counted off on the 
scale. On the disk, rotated by special motor (25 Hz) and aot 
connected with the axis of goniometer, is establish/installed the 
photocell which creates current pulse in flip-flop 2, when on it 
falls light beam from mirror on the axis of goniometer. When the 
photoelement on disk passes the position of reference print, is 
closed by relay and flip-flop 1 it creates momentum/impulse/pulse for 
the beginning of calculation. Time interval between the 
premise/inpulses of flip-flops 1 and 2 is recordysfixed by 


multivibrator and is filled with clock pulses. 


The clock pulses, which are created by the gear of motor, are 
form/shaped with flip-flop 3 and through the modulatoc fall on 
counter 1. Simultaneously on counter 2 is checked the number of 
readings, corresponding to the number of revolutions 9f isk with 


photocell. 
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Resolver issues averaye bearing on counter 3. In iavice jepicted 
on Fig. 8.58, pulse separation of calculation (flip-flop 3) 
corresponis to th2 displacement of disk to 19, since time of one turn 
c of disk is equal to 0.72 s. Thus, at the output of device is obtained 
average baaring in degrees for time of the switching on of 


: servomotor. 


‘iio bi Maat ab tet gl 8 db ee adil ac ge ake 





Sinca the mechanism of reading is separated fron cacaiving 


indicator, readinjys does not affect the character of transmission. 





Fig. 8.57. Disk for the reading of bearing. 


ae ee 





| — panitat:! iivtecd esaur icc ecaisberides pms. <epue cee futtdeobteet! ted inlets ae oplitth “eBcBiat’ 44 cpcominen eect cats gelaliaeiledel athe; Uondp & Lectel ae moet ore areiplbes 


| 








ce 


Doc = 77223224 PAGE 587 


gst 


Page 513. 
3 (0 
fonuememp . : (Z > 
eo yxobod xonmpons 
@ ma 
Sa ee 


role 
Uxen Gx bepho 


(b ) eg 77708, 





repeat 
2 
b s, 
10 ~ a : 
ie FAS bo) ye) 02 
: Z Lace! [| My2omu- ody- so000 
e N Sudpamop Cvemy. 1 / 
1 






= out 
ae eal 


a ‘3. 
ff \Cyvemy 3 


‘ UD = 
Cw) Sy6e. - cae 00000 
Koneta * 
20 sybuod G7) Cyemy. 2 


Fig. 8.58 Block jliagram of automatic removal of bearing in radio 


direction finder with servo system, 


Key: (1). Goniomater. (2). Acoustic test. (3). Receiver. (4). Scale. 


(5). Servo-~motor. (6). Mirror. (7). Photocell. (8). 


Momentum/impulse/pulse it hegan.e (9). Relays. (10). Flip-flop. (11). 


Multivibrator. (12). Counter. (14). Resolver. (15). 


Hz motor. (16). 
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Gear wheel (17). teeth. 
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In phase-metar radio direction finder the removal of reading is 
reduced t> the maasurement of a phase difference between modulating 
voltage of the frequency of rotation in the output of casaiving 
indicator and the reference voltage. For the measurement of phase 
differenca, it is possible, for example, eacges of thea mantioned 
voltages to create the short-term momentum/impulse/pulses, which 
correspond to the zero (with increase) instantaneous values of 
voltages, and tu fill time interval hetwaen them with clock pulses. 
For the averaging of bearing, it is possible to use circuit, 


analogous Fig. 8.56. 


In phase-meter radio direction findar with the high-spin motion 
of acute/sharp raliation pattern, appears the problem of jJetermining 
the middle of major lobe of the diagram which can be sdlyad hy 
following method. The Limiter of receiving indicator isolates two 
Symmetrical points of major lobe. During the passage 9f the first 
point, hegins the calculation of counter pulses of constant 
capacitance/capacity (on N of momantum/impulse/pulses). Between the 


first and second puvints the period of pulses). Between tha first and 
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1 
He second points the period of pulses is equal to T, after the second 
t 


point they take T/2. Let between points it is containned by n of 


| momentum/impulse/pulses. Counting of n pulses will end after the 
N beginning after the interval of time 

\ 

I T n T 

Ns From formula (8.76) it is evident that the 


momentum/impulse/oulse, shifted against direction of rotation in the 
angle, which corresponds count time NT/2, coincides with the middle 


of the main lobe of radiation. After determining the midile of major 


are 


lobe, it is possible to determine single reading and then the 


averaged bearing. 


Figuces 8.59 gives the block diagram of the device, which makes 
it possible to cacry out automatic removal and averaging of bearings 


‘ in two-channel radio direction finder. 


The output voltages of two channels of receiving indicator are 
converted in mixers 1 and 2, roreover the voltage of sezsond channel 
simultaneously is shift/sheared on phase to 909%, for this into tha 
common/gereral/tostal heterodyne before mixer 2, iS in=tluied the phase 


inverter, which shifts phase to 90°. 
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Output voltages by mixer Uy = E cos @ and Us = jE sin @ 





store/add up and are deducted in sum-and-difference 


block/module/unit; as a result is obtained the total voltage 


U, = E (cos 0 + j sin 9) == Ee!® 


Mote Pp eee ne een ote 


7 the differential voltage 
ae 
: U, = E (cos 4 — j sin) = Ee~”, 
7 
* In the measSucing unit of a phase difference, is latarmined the 
, phase difference 4» of stresses U, and U,, which is equal to the 


doubled angle of bearing 2@. Two-place bearing is defined as half of 

tg a phase difference ¥. <a 
A phase diffarence can be measured according to the method, a 

described for phase-meter radio direction finder. By tha 


application/use of suppiementarv nondirectional antenna it is 


possible to obtaia single-valued bearing. Reading circuit and 


averaging does not have special feature/peculiarities. 


If the output voltages of channels due to the dissimilarity of 


the amplification of channels will he 


E,=Ecosh wu E,=aksin be”, 
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U, = E (cos + jasin te!*) = E,e™, 


U,= E (cos) — ja sin Oe!*) = E,e™, 
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Fig. 8.59. Block iiayram of the automatic removal of readings in 


two-channel radio direction finder. 

(1). Channel 1 of receiviny indicator. (2). To antenna syStem. (3). 
Heterodyne. (4). Sum-difference block/module/unit. (5). Measuring 
unit of a phasa difference. (6). Circuit of averaying ani readings. 
(7). Phase inverter. (3). Channel 2 of receiving indicator. 
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From formula (8.77) it is evident that in this case i¢ observei 


the same error as in usual two-cuannel radio direction finder [see 
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Go? 


(4.9). a 


Consaquently, in a described manner i: determined tha direction 
of the transverse of the image of bearing, noniderntity 92€ the 
a amplification of sthannels yiving to by the same @rrors, as in 
} 


two-channel radio direction finder. 


Wa, 


Phase displacement <5 at an angle of 90° - 6 (instead of 909) 

: causes supplementary ellipticity and the Same error a3 nonidentity of 
the phases in channels. With the image of parallelograa on the 
cathode-ray tube of two-channel radio direction finder, loes not 
occur the readings of two bearinys. Separate readings correspond to 

ss the direction of major axis of one of th2 ellipses, drawn on 


cathode-r:y tube (see 8.3). The averaged reading must correspond to 


direction ot one of the diagonals of parallelogram, 
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K = Comp = compensating 
MAKC = MAX ~ Maximus 


t= load 
HC = anym » asymmetric 
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ete CHAPTER 9 
| 
. | TESTS OF RADIO DIRECTION FINDERS 
r | 
| List of Designations Anpearing {n Cyri ilic 
; | Ky 7 Kee = sealing factor 
| Be fair = fairlead 
ie BHX = Ot = output 
nw 4 ~ (definition undeternined) 
he | 
| 


P, p= loon 
de fd = feeder 


3 = st = standard 


Ba V = variometer 


TCC uw SSG = standard signnl generator 


3 ground 


Preliminary tests of radio direction finders are performed in Laboratories, 


final ones ere performed in real operating, conditions of the direction finder, 


9.4, Inboretory Treats cf lirestion Finders wit a Rotating Loop 


Sane enteen entampaniras ln Dorin 








Separate parts of the dircetion finder (the loon, variometers, etc,) require . 


no speci) tests other than pormal onca — measurement of Inductance, capacitance, 








resistence, and coy. ling coefficient, We shali nov dvell rere on methods of 





measurement of thera magnitudes, } 
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a During laboratory testing of the direction finder as a whole by a generator of 
La standard signalea there is required, analogously te normal measurement of receivers, 
- use of an equivalent antenna, aA peculiarity of the given case 1s that receiver- 
fi i direction finder is fed simultaneous)y from two antennas: a loop and an open 
py antenna, where the virtual height of the Loop changes in a wide range with change of 
i ‘ wavelength, and the phase of the emf induced in it differs by go° from the phase of 
* : the emt in the antenna, Furthermore, ordinary generators of standard signals have 
re a an asymmetric output (one pole usually is grounded). Connection of output terminals 
e of the generator to the loop creates a aymmetry of its circuit, which may not 
a { correspond to real operating conditions of the loop, 
if : : In Fig. 9.41 there ‘a presented the circuit of the equivalent of the antenna and 
oe : the loop, considering these peculiarities, Parareters of the circuits are celected 
- in such a manner that a + ae << Los where Lo s+ inductance of the loop; Lae Cae 
‘ Ra, Craty — inductance, tapacitance, and resistance of the antenna and capacitance 
: of its fatrlead. Under these conditions the receiver has normal load both from the 


loop and from the antenna, 


Ther we select R >> aL, 3 then the current 


a 
: ie through winding Ig with: sufficient accuracy 
aa (with error of 1%, 4f H > 7uiL,) ran be 


expressed 


Yo gemaratie ef 





y 4 
i= vm 
: where E — output voltage of feneratcr, 


Fig. 9.4, Diagram of equiv- 


t " 
Ment of antenna and loop, The emf induced in coiis L 2 and I, 


af 
will be 
E,=JoMl, =F E, 
and yoltaye on resistance Ry» corresponding to the emf in ‘he antenna, is equal to 
__R 
Ea ze. 


1 t 
Coupling between coils Ly and L o~), 2 4c made variable by sine law 


M = Mygue Sin 4, 
During real work the emf in the frame {is 
E, == JEA, sin §, 


the emf in the antenna is 


£, = Bh,. 
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We equate E co Ea? E loop ™ E 1 oop 


end aE = E, where @—fw:tor, witch ts 
convententiy selected equal to any round number (1, 2), vpeeed/?s 1/ts 1/1, aNtte)e 


Vrom this we find 
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Since “oop is proportional to frequency M1 oop . Serie the lase equality 


is realizable in the whole range of frequencies. From it we find Max? after which, 
given a, we find R. The reading on the divider dial of the generator of standard 
signals, multiplied by a, gives field strength in microvolts/meter., 

By this circuit we can perform the following tests: 

1. Determining sensitivity of the radio directiwn finder, i.e., the field 
strength which 41s required to ensure possibility of direction finding with error 
not exceeding a given value. For this, there is determined that voltage from the 
generator of standard signals at which bearing is read with the given accuracy, From 
the voltage field strength is calculated, 

@. Check of exactness of determination of direction, Switching on the direction 
findar, we find field strength E, and EL in two positions, corresponding to datere 
mination of the direction, with constant output voltage, Depending on the scheme. 
for determining direction these positions can be established either in the receiver 
itself by turning the variometer, switch, and so forth, or by turning the loop. In 
the last case in the test circuit turn of the loop 4s replaced by turn of variometer 


) “ E 
L gl 2 from the position corresponding to tM ax to position ~Moax? Relation = 


4 


N 


characterizes exactness of determination of direction, 

3. Check of compensation for antenna effects, The problem is to determine the 
relative emf of the antenna effect which can be compensated, It, obviously, 18 equal 
to the maximum emf created vy the compensator. ‘To determine this value we cetermine 


field strength Eos creating normal output voltage with the position of the compen- 


1 
sator, corresponding to zero emf of compensation. Then we turm variometer L ph 2 


until we obtain zero emf in the loop circuit and the place conpensator in the 


position, giving maximum compensation emf, In this position we again determine rteld 


E 
strength ES omp! giving the same output voltage. Fatio io eives the value we 
‘comp 
sought, 
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4, It 4a ponsible to check remaining characteristics of the receiver 
(selectivity, fidelity, and so forth). 

Testing by the swo-signal method is accomplished with two equivalents, whose 
inputs are connected to two generators, and outputs are parallel-connected, 
Resistances and reactances of the equivalent snould be doubled, 

Another method of laboratory testing consiats of placing the loop in a magnetic 
field, which is created dy current in a horizontal rectilinear wire (line) (Fig. 9.2). 
This teat should be conducted in a shielded chamber, since during teata with 
the loop connected (and not with its equivalent, aa in the preceding method) external 
interferences hamper tests a great deal, At a certain distance d from the chamber 

ceil!: 3; we stretch a rectilinear wire, which at one end is joined by a shielded 
cable to the generator of standard signals, and on the other through reaistance R 
to the metal wall of the chamber, 


A Heasuring dine 






to) fe terminal of 


—n ane 
oo ow me me em receiver "re pect 





. | senerator of | 
: ste-Jeru 
. signale 


ae. ; antenna” 
7, Sidwaueu sveilhs ; a 
| Fig. Gere Voltage divider, 
Fig. 9.2. Measuring iine for The purpose of resistance R is to 


testing a direction finder. 
provide in the wire a traveling wave of 


current, In traveling wave conditions current in wire, and, consequentiy, magnetic 
field strength around it depends little on frequency. Magnetic field strength in 
these conditions also does not depend strongly on shift of the observation point 
a.ong the wire, 

Under wire there 1s placed the loop direction finder being tested. With 
rotation of the loop the minimum emf is induced in it at the time when its plane 
48 perpendicular to the wire, 

Magnetic and electrostatic fields of a rectilinear wire at a small diutance 
from this wire do not have «s simple a velationship to one another as in the zone 
of radiation. Therefore, use of the open antenna of a direction finder in 1ts 
normal position can lead to a relationship of emf's induced in the untenna and loop, 
absolutely different rrom the relationship in real conditions, For testing it 1s 
necessary to uge as the entenna #& special acction of rectilinear conductor, located 


in paralieis to the test line, The length and diatance of this conductor from the 
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line will be selected in auch a way as to ensure a normal relationship of emf'a in 
the antenna and loop, For feed of the antenna circuit it 1@ also possible to use a 
voltage divider (Fig. 9.3), 

First of all it is neceasury to select such a resistance K that in the line 
there is established a traveling wave. Wave impedance of a aingle-wire line with 


diameter @r at distance d from the conducting plane 1s equal to 
p= 138 1Z 2. (9.4) 


By this formula there can be found the approximate value of resistance Kw p, 
Traveling wave conditions in the line are verified by one of the known methods, In 
this case 1t 1s convenient to use the fact that impedance of a line, loaded on wave 
impedance, is equal to the wave impedance. Due to this, connection to the generator 
of atandard signals of a line, loaded on resistance R, if R = p, will influence the 
generator the same as connection of the actual resistance R (will cause the same 
decrease of ita output current). By several tests 4t 48 possible to definitize 
Magnitude R, initiully found by the formula (9.1). Traveling wave conditions must 
be verified in the whole range of rrequencies of the direction finder, 


TAne calibration, 4 14; determination of the field straneth corresronding 


ta 
the given output voltege of the generator, is produced by a comparator. The antenna 
of the comparator should be loop-type and of approximately the same dimensions as 
the loop of the direction finder. 

If generator voltage is U, and field strength is E, then Kee ~¢ 4s called the 
scaling factor, determination of which is the purpose of calibration, 

Calibration should be performed at several frequencies within the frequency 
range of the direction finder, Independence of the sceling factor from frequency 
4s confirmation of the fact that in the line there have been established traveling 
wave conditions, 

Ig ita necessary also to ;rocuce calibration for different distances of the 
center of the loop from the line. 

If there is no comparitor, calibration can be produced by a loop, whose 
geometric dimensions are known exactly, The emf on terminals of the Joop should be 
Measured by a voltmeter with a very large input impedance. As such voltmeter we use 


recejver with supply cf voltage to the cathode grid of the first tube. The receiver 


js calibrated from a generator of standard signals, 
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If maximwa emf in the loop ia Enax? 4nd voltage from the generator is U, 
fe. 
Arye Es (9.2) 


where hn, is the calculated effective height of the loop. 
For selection of an auxiliary antenna or specifications of the divider feeding 
the antenna circuit, we should asso» the effective height of the open antenna of the 


direction finder ee 


The emf introduced into the antennae circuit of the direction finder in real 


conditions Ls equal to 


&, = EA,. 
When testing under a line with the help of a divider this emf is equal to 


e 


Biol oS, 


From this we find . 


CECE ha eal. (9.3) 


The sum of capacitances C, + Cy should be equal to the capacitance of the entenna 


C,» Formula (9.3) gives the possibility of determining Cy and Cot 


fa.ny 
ve 


CaO Stes 1) 
Ci=Ca(l — haken)- (9.5) 

Testing under a line permits determining the same parameters of a direction 
finder as testing with the help of an equivalent antenna, Furthermore, testing 
under a line permits checking the sharpness of minima and the magnitude of errors 
depending upon frequency, field strength and other factors. 

For checking selectivity by the two-signal method there 1s stretched a second 
line, perpendicular to the first and fed by a separate generator, Frequency and 
field atrength of the disturbing radio station are established on this second 
generator, 

It 18 necessary to note that neither the first nor the second method of 
laboratory testing corresponds fully to real conditions of work and, therefore, they 
can give results, differing from results of testa in operation:)] vonditions,. 
Nonetheless, laboratory tests are very desirable, since thanks to the easy of shifting 
frequency, change of amplitude of the fed voltage, etc., tests can be conducted more 
widely and deeply than during tests on real work, Here, there can te revealed defects 


which would be passed over during performance tests, 
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Of the two methods described, obviously, the second corresponds more closely 
to real conditions of work of the direction finder, but carrying it out if somewhat 


more complicated than for the first. 


9.2, Laboratory Tests of Direction Finders of a Goniometric System 


a a a a a a a a TR ST 
Tests of Loops ; be 


Besides normal checking (determination of inductance, self-capacitance, damping, 
and so forth) for loaps of goniometric systems it is very important to check the ; 
magnitude of mutual inductance between them. Absence of mutual inductance simul ta- 
neously confirms their mutual perpendicularity. From smallness of permicaible 
magnitude of mutual inductance (permissibie coupling coefficient is of the order of 
0,3-0,4%) normal bridge and resonance methods are insufficiently exact. 

A measuring circuit, permitting @ reading, with the required degree of accuracy, 
ie presented in Fig. 9.4. Bis a variometer with very small inductances of windings 
(considerably smaller than inductance of loops), but with a fairly strong maximua 
coupling between them (K = 0.4 to 0.6), The high coupling coefficient permits 
sufficlently accurate calibration of the variometer, 

One cf the windings of the variometer, serfes~connected 


with one of the loops, is fed from the generator; the 


fo recelor 


other winding of the variometer and the second loop are 





also coupled in series and are joined to the cathode 


Pig. 9.4. Measuring grid of the first tube of the receiver, Audibility on 
circuit of small mutual 
inductance, the receiver output tums into zero when the coefficient 


of mutual inductance of the variometer 1s selected equal 

to the coefficient of muf:al inductance of the loops. 

The generator and receiver, and also the variometer must be shielded, and all 
wiring is carried cut in such a way as to exclude spurious couplings between circuits 


of the two loops, 
Testing of the Goniometer 


In the goniometer #11 its electrical parameters — inductances and distributed 
capacitances of all coils and maximum coupling coefficient between each of the field 
ond the searcner coils — are to be checked, It is necessary also tc check the 
coefficient of mutual inductance betveen the two ficid colls, Thig measurement can 


be made by the same scheme as analogous measurement for loopr. 


—— 
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The most important teat of a goniometer is determination of the error curve, 
Menpurement of erros can be taken at high and low frequencies, 

For checking at high frequency we compare the teated goniometer with a stancard 
one, connecting them as shown in Fig. 9.5. Let the rotor of the standard gonioneter 
turn about the first coil of the stator at angle 


856° Assuming that the standard goniometer ia 


re 


absolutely exact we can present the emf's induced 








Standard fested 4n stator coils in the form 
@enioneter aoniometar EuM, 
E, = | =~ c0s4,, 
Fig. 9.5. Comparison of 
goniometer with a standard E,=] Eom sin 4,, 
one, : « 


where M,- maximum mutual inductance; 
zZ,- impedance of rotor of standard goniometer; 
E~ feed voltage. 


Currents in stator coils wili be 


aM. 
4, = lexaa, $ ie see be» 


A= et sin be, 
where Zoe Zo and Zen ~ impedances of stator coils of the standard and investigated 
goniometers, 
Normally impedances of two stator coils are equal to one another, 4.¢e., 
2 = 2a =Z;. 
If the searcher of the tested goniometer is turned an angle Pe) then the en? 
induced in 4t will be 


Baca Bicol, 


where M, — maximum mutual inductance between field and searcher coils of the tested 
goniometer, 


This emf turns into zero when oy = Ont + 90°, Thus, setting the rotor of the 
standard goniometer at some angle Cot? we should obtain disappearance of eudibility 
upon setting tne rotor of the tested goniometer at an engle Oot + 90°, The diffeience 
between this angle and the angle of setting, at which we obtain real disappearance 
of audibility, directly gives error of the goniometer, In an sunalogous way we cen 
teot a goniometer with three or four fleld coila, 

The circuit of other method of testing at high frequency 18 present: 2 jn Fly. 


9.0. Jf we se.ect resistance so that Ry. K< Le» where Lip = fnductanee of fiieid coil, 
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Ry — impedance of the divider, voltage division depends exclusively on the magnitude 


of resistances, Thus, voltage on one of the field coils will be 


E,=E®, 
and on the other field coil, 
Ey= EF! 


etc., where Rye Ray Beas R, — reaistance from beginning of divider to the corresponding 
tap. 

Analogously to the preceding we find the em? in the searcher coil, assuming the 
goniometer is free from errors, Thus, with coupiing of field coils into taps Ry and 
Rs we obtain 

aM uM. 
Ea=E, 7 cos6-+ E, 7 sind == 
mE Y (Ft cos 0+ Resin t), 
where M -- maximum mutual inductance of the field and searcher coils of the goniometer, 
Ry 


‘he emf turns into zero when ten 9 = “He 


3 
If the goniometer gives error, then disappearance of audibility will occur at 


enothbey engie ©, Error of the gontometer will be equal to 


A=O—8. 
Thus, attaching the ends of field colla to various terminals of the divider 


and determining the position of the searcher corresponding to vanishing of audibility 
in the telephone, we can determine the error of the goniometer at different angles, 
It 4s possible to have a comparatively small number of taps in the divider (3-4), in 
order to obtain sufficiently closely located points for construction of the error 
curve, 

Shielding of the generator, receiver, and divider, thoroughness of location or 
wiring in this method are as necessary as in the method of a standard gonioneter, 


The divider itself should be made inductionless and 







non-capacitive, possess a small skin effect, which is 
necessary for preLervation of constancy of the rutio 


of resistances during chunge of frequency, One should 


To recelver 


make 1¢ with the same care a6, @.8., attenuators of 
generatora of standard signals, 


Fig. 9.6. Testing a 


Tne circuit for checking a goniometer at low 
goniometer by a divider. 


frequency js shown in Fig. 9.7. In it Ry and Ro = 


ef neu ° abides di 
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precision resistance boxes! Ly ant Ly = field coils of gontometers Ly — its searcher 
coil; T= telephone (low-resistance). 

Tne circuit ie fed from an af generator G, Resistances R, and Ro should be 
taken considerably larger than induced resistance of field coils with frequency of 
measurement wo, 1.€., Ry >> aL, and Ro >> dhe « In thig case currents I, and I, are 
determined by equalities . 

mg end =z. 

If the goniometer was made absolutely exactly, the emf induced in the searcher 

coil would be | ’ | 
E,=/,eM sin 8 = /,eM cos 6. 

Rotating the searcher cofl until audibility disappears in the telephone, we 
obtain angle 6 from equation 
| IeMsinb= eM cost=0- 
or 


‘igh &, (9.6) 


vr the goniometer has error, audibility will disappear at another angle ¢ =. 
= @ + A, where 4 — degree of error. The method of checking consists in establishing 
Ry ° ° ° 
ratio 5 conforming to angles 6 = 0°, 10°, 20°, etc., 
- and determining angle ® at wnich sound disappears 


4n the telephone. Difference 


@—arctgh=a 





directly gives error of the goniometer. To each 
Fig. 9.7. Cireuit for 


R 

4 

ees SO i aa ratio = there correspond two angles differing 
; : 2 


approximately by 180°, at which audibility vanishes. 
Thus, the goniometer is checked from 0° to 90° and from 180° to 270°, To check the 
second half of the dial the ends of one of the field coils are connected, which 
corresponds to a change of sign in formula (9.6). During work it 1s necessary to 
watch to see that the generator does not directly influence the searcher coil, and 


that current in the telephone does not influence the field coils, 


Analogous circuits can be easily conposed for testing multiwinding goniometers, 
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ae of 
ae | BU sista 
‘ Signals 
vi 
a: 
; Se Fig. 9.8. Diagram for checking aymmetry of 
a goniometer, 
~ 
wt 
ie So that in the goniometric system there is no antenna effect, it is necessary 
|. to ensure complete symmetry of field coils of the direction finder, Check of 
ee : symmetry of the goniometer can be performed by the circuit in Fig. 9.8. Voltage 
L 
jw from the generator of standard signals is brought to the field coll through a 
ae symmetric transformer (see § 4,3) and a potentiometric circuit of resistances. 
a. 
A The searcher coil is connected to the receiver, In switch position A voltage 
: acts between ends of the field coli, which corresponds to reception of a two-phase 
: wave, In switch position B the emf acts between both ends of the field coil and the 
* 
"ground" (1.e., the frame of the goniometer, cathode of the first tube of the receiver 
\, and its frame), which corresponds to reception of a single-phese wave. A completely 


symmetric goniometer im the seconau switch position will not transmit voltage to the 
searcher coil, 
In practice measurement is performed in the following way. Setting the switch 
in pesition A, tuning the receiver and turning the searcher coil to the pcsition of ’ g 
maximum coupling with the tested field coil, we regulate the voltage of the generator 
of standard signals to obtain a conveniently read receiver 
output voltage U. Let us assume that here the voltage of the 
Generator of standard signals is equa’ to Ey 


Then we shift the switch to position B, increase output 





voltage of the generator of standard signals and turn the 
Fig. 9.9. Circuit 
ye asymmetric searcher coil to obtain maximum receiver output voltage, Let 
oading. 
Us assume thet voltage of the generator of standard signals, 


necessary for production of the same receiver output voltage U, in this case 1s equal 


to Ene Then the relative degree of asymmetry of the goniometer 4m characterized by 
Ey 
ratic Er : 
2 “¥ 
{In carrying out tests it 1s necessary to ensure symmetry of the transformer, _ 4 
ay 


equality of potentials at points a and b, and also to avoid any asymmetry of the 


Aa 
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PIP’ 
goniometer (for inetance, because of aiymmatric position of wires to the switch), 
Measurement of asymmetry by another method 4a carried out with the help of an 
nf reaitteance dridge, Asymmetry is caused by unequalnessa of capacitive or in 
genoral, any impedances Letween terminals 1 and 2 of load 25 ond (in this case the 
goniometer) and the ground. In Fig. 9.9 these impedances are designated 2' and 2", 


The aaymmatry parameter is equal to 
hay = m0d FF. 


We take three measurements of admittancest 

1) detween point 1 and grounded point 2 (¥,)s 

2) between groumded point 1 and point 2 (Y5)3 

3) between short-circuited terminals 1 and 2 and ground (X5)5 


+z, i" +20, 242" 
Y,= Ze £ ° Y= = PZ Y, = aoe > Xa . 





It 18 easy to see that 


hag = mod 22" : 
Y, 


Both methods of measurement of asymmetry are applicable also to measurement 
of arynmetry of the innut of the receiver and cf other elements. 
Test of a Radio Direction Finder as a Whole 


To test a loop radio dicection finder of a goniometric system in laboratory 
conditions there can be employed the same two methods as for testing a direction 


Yinders with a rotating loop, 1.e., testing with an eqv'valent and testing with the 


help of a line. The equivalent presented in Fig, 9.1 gives the possibility of feedt:: 


emf only to one of the field coils, The remaining field colls of the goniometer 
should be closed to the same equivalents with closed input terminals, 

When testing by the two-signal method there can be used a second field coil, 
to which there is fed an emf from a second generator through an antenna equivalent. 

In the case of an externel system of two spaced antennas it is also possible 
to compoage an equivalent, Its circuit is presented in Fig. 9.10, Here Cw Cogs C> 
Crear 7 capacitances of spaced entennas, feeder, auxiliary antenna and its failr-lead; 
L and Le ~- inductances of the auxilinry and the spe -ed antennas, Selection of 
magnitudes R, R, end M is analogous to the preceding case, It shovld be stressed 
that testing by an equivalent has mcsning only for those systems, for which natural 


waves of sntemnas considerabiy dif!. . from working waves, 
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To stardard signal 
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Fig. 9.10, Circuit of the 
equivalent for a system of 
speed antennas, 


9.3. Laborato feria a Tiere 
Direction Findern with + de ArH 
venna Saneene 


Separate component parts of the radio dire 
finder (hf tranrformers, time delay line, switcht.- 
circuits, indicators, etc.) are checked by usual 
methods, 

The antenna system of a radio direction finder 


with wide spacing antennas consists of e large 


number of antennas, in which there are induced emf's of identical amplitude, bun «lor 


different phases in accordance with geometric location of the antennas (6 3.41), 





Fig. 9.44. Circuit of the 
equivalent of a circular 
antenna system with wide 
spacing. 


Bhs OP ek 


Antennas are connected to an antenne swit 
reception-indicator, 

During laboratory tests of a radio direction 
finder it 18 necessary to be able to introduce ta 
inputs of the antenna switch (or reception-inéleats: 
voltace of identical amplitude, the phase of whicn 
varies by a given law, For this there is used a 
special antenna equivalent. In Fig. 9.44 there i: 
presented the circuit of the equivalent for labors- 
tory testing of a radio direction finder with a 
circular antenna system, It consists of a naturel 
or artificial long line, fed by a generator of 
atandard signals and loaded on an jmpedance, eqver 


to wave impedance. The section of long line is 


designed in such a manner that on terminals of the long line of the equivalent a, >, 


c, etc., volteges have identical amplitudes and phases, equal to phases of the en? 


of corresponding antennas, 


Phases of voltages are calculated for the case when there ia produced recepticn . 


of a radio station from e definite direction. 


Between terminals of the long line and the ground there are coupled resistance 


Ry-R, such magnitude that Ry >> Ro end Ro = Ppgs - where Pog wave impedance of 


feeders leading into the antenna switch (matched loading of feeders from the anternar 


{a assumed), 
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Thus, on the output terminals of the equivalent 1, 2, 3, «ee, n there are voltages 
of identical emplitude with phases, corresponding to phases of emf antennas, Output 
resistances on these terminals are equal to Prqe Application of decoupling . 
resistances Ry removen ir.?luence of loads of the antenna switch on the amplituan 
and phase of voltages at points 1, 2, 3, seers Ne 

The antennas equivalent permits checking the overall efficiency of equipment, 
determining instrurent accuracy for fixed directions and sensitivity, Instrument 
accuracy is determined connecting the cutput of the equivalent 1, 2, 3, ..., n firat 


4 t 1 
to terminals 1, 2,23, seo, n Of the antenna switch. Here, on the antenna switch 


during directfon finding there should be read an angie, corresponding to that bearing, 


for which the long line 4s calecule ‘, Then the output of equivalent 1, 2, 3, 


t 1 t t t 
are s«xitched to verminals 2,2, ..., n, 1 of the antenna switch, 3, 4 
q ft 
% , @ , ete. Each switching corresponds to displacement of the direction of bearing 


eee N 


: i] 
ps oooe Ny, 


an tngle, equal to the angle netween the antennas. The difference between readings 
on the >earing indicator of the reiio direction finder and calculated bearings 
corresponds to instrument errors, To determine sensitivity it 1s necessary to 
preliminarily find coefficient ns of tranamissicn of voltage from input terminais of 


the equivalent to its output terminals 1, 2, 3, ..., n with connected loads. 





If to the equivalent's input there is fed voltage U, then E = , where here 


Ble 


eft 
ids the effective height of the antenne. 


With an unmatched loading of feeders instead of Peg it is rs:cessary to couple 
dr. at each frequency its own Zu corresponding to input impedance of the entenna 
and feeder together. 


By this method «2 also determine the directivity pattern of the antenna system, 
9.4. Tests of Direction Finders in Real Condit:ons of Work 


When testing a direction finder in the place of installation it 1s necessary to 
eheck separate parts of the ar-ennn-feeder device (single angennes, feeders, ctc,) 
and correctness of their geometric lcsation, Testa are performed by methods, 
descrited in [9.3]. 

Teste of e radio direction finder have the goal of determining: instrument 
error of the directicn finder, magnitude and nature of local errors, general eccurecy 
af the direction firder, general sensitivity of the dtrection finder, the character- 


{etic and coefsicient of dtrectivity of ito entenna zystem, 


Ye 
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Determining eee Error of a Radio Direction Finder 

It 19 not possible to determine instrument error for all systems of direction 
finders, Thus, direct determination of instrument errors for direction finders with 
@ fixed sutdcor system is impossible, if the latter 1s too bulky. In these canes {it 
is necessary to be limited to analysis of senarate sources of instrument error on 
the basis of laboratory tests and tests, which ar deseribed in the following point. 

Instrument error is most exactly and simply determined for goniometric direction 
finders, for which structure and dimensions of the outdoor equipment are such: as 
permit rotation of 1t in the process of testing. For this purpose the external 
device of the direction finder 1s set on a special machine, permitting us to turn ‘{t 
at known angles, Tuning to some station, by rotation of the goniometer we find its 
bearing. We then turn the outdoor system a certain angie (for instance, 10-15°) and 
repeat fixing. ‘the new reading on the goniometer should differ from the first by 
the angle of rotation of the outdoor system. Performing such tests for several 
angles from 0° to 360° and at various frequencies, we can obtain a sufficientiy full 
judgement of instrument accuracy of the direction finder. 

Specjal diffioulties are presented by teste of dicectloun finders with caicul tion 
of polarization errors, Thus, to determine standard polarization error one should 
place the direction finder in an eiectromzgnetic field with a known slope of the wuve 
front. and angle of polarization, Yor creation of puch a field a local generator is 
Pleced at a considerable height (on a mast, ballon, etc.) and is sautpped with e 
radiating dipole, which 1. set at such an angle as creates a field with the necessary 
turn of the plane of polarization, 

Distance from the direction finder’to the generator should be sufficiently great. 
For direction finders of short waves this distence 4a prectically of the order of 
100 m or more, To ercate an angle of ineidence of 45°, corresponding to conditions 
of test of the error cf a standard wave, heignt of lift of the generator should also 
be near i100 m, ‘nis causes evidert practical difficulties, because of which in most. 
cases we are limited to smaller heigut of rise of the emitter. So that »p -urivation 
error in not smali, the englc of rotation cf the plane of polarization y 1s made 
greater than 45°, 

If the angle of inc*tnation of the wave “rone is verw small, to satisfy the 
shorm condition eugle + should be close to g0°, Incenventence of such a condition 
of teste is the small magnitude of the verticai component of Yield strength anc, 


consequently, tlt wean recept-.on power, 
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To produce reliable reaults of measurement it ‘s necesnary to ensure etrict 





ty asymmetry of the generator, since the presence of a aingle-cycle wave in «a radiating 
[es dipole does not permit establiashtn the exact relat! nshi; between magnitudes of 
rar od vertical and horizontal components of the field. The direction finder should be 


located in a plane, perpendicular to the plane containing the radtatina Uijoulee 





iM Otherwise the ratio of horizontal and vertical compcnentsa of fJeld strength is not 
a equal to the tangent of the angle of rotation of the dinole. Such a phenomensn does 
ce not occur with a radiating loapy therefore in installations for checking polarization 

be errors they chiefly apply a loop as the emitter, 

i fe Determining the Magnitude and Nature of Local Errors 

cee To determine errors of the direction finder the generator shifts around it. 

= Direction finding 1s produced at different positions of the ::nerator, and results 

be are compared with true angies. These anaies, depending us.on the circumstances, are 
z determined either by visual direction finding, or on the man by known positions of 
the mobile generator, 
7 The mobile senerator is carried, trucked or is placed on # ship, aircraft, etc, 


If the direction finder 1s placed on a mobile object (shin, aircraft), one can 
determine crvor ty a fincd acurce of radiation ty means of shifting the direction 
finder itself, 

The distance from the direction finder to the source of radlation should be 
sufficiently large, in order to consider the field near the directicn finder as the 
Pield of rediation, 4,e,, the distance should exceed the wavelength. Furthermore, 
the distance chouid be sufficient, that there is formed an approximately flat wave 


frontt 


epi, 

where ?> — antenna aperture (spacing of vertical antennas). 

The generator should te located in an open locality far from objects which 
could create a field of secondary radiation, 
to The error curve, found by the shown method, contains both instmment errors of 
the radio direction finder, and also locality errors, in order to separate errors, 
\ it fa nece-eary te determine instrument errors by other methods (see the first point 
of this pererrapn) or conduct inspection of local errors by a radio direction finder, 
whose insticment ecrora ar2 small end are known, In separate cases judgement about 


whether errom~ {2 itca. or instrument is facilitated by consideration of the dependence 
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of error on the distance to the radiator, i.e., from shift cf the heterodyne with 
constant azimuth, Instrument error does not depend on range, and local error changes 
with change of range. 
With a separate re-emitter the denendence of error, caused by it, on the 
Gistance between the heterodyne and direction finder has a regular ainusotdcal nature, 


which facilitates detection of such error, 





i 
The general character of the error curve also depends on the distance between | 
the direction finder and generator (§ 10.5). When this distance 1s smal) (for } 
instance, 100-400 m), influence of locale ard surroundings is not transmitted i 
completely in the obtained error curve, since relative magnitudes and phasee of field 
strength of reverse emitters differ from corresponding magnitudes obtained under the 
influence of a wave from « very distant source. 
It 1s possible to recommend such tests mainly for checking instrument errors 
under the condition that local srrors are minute. 
With large distances (for instance, 3-5 km) conditions of testing are closer 
to real conditions of work of the radio direction finder and more fully reflect local 
errors, including and the influence of distent surroundings, These tests should be 
conducted during une invroduetion ot tne raaio airection finder into service to 
jucge its general accuracy. 
It is necessary to note that the curve of local errors, taken with the help of 
@ generator located on the surface of the earth, can not preserve its form during 
reception of reflected rays, since reve .se radiations, provoking local errors, change 


their character under the influence of an abnormally~polarized field. 
Determining General Accuracy of a Radio Direction Finder 


Because of the above-indicated difficulties separate determination of instrument 
errors, although or considerable interest, cannot completely characterize general 
accuracy of a radio direction finder, On the other hand, determination only of the 
general accuracy of a direction finder, the most important of its operational 
characteristics, says little to the designer, since he cannot find which part of 
errors can he eliminated by improving the design of the tnatrmment and which part 
can be el.. voted by improving itu location, Therefore, whenever possible, one 
should make a full investigation of the direction finder, determining both instrument : 
and local errors, and also the general accuracy of the direction finder, { 


To detemnine general accuracy of a direction finder we perform direction finding 
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of different know objects, located as far es possible in different directions, at 


aLfferent distances anc working on different wavern. 


Comparing the found radio bearing with the true one, determined by calculation 
or plotting on a map, we find error, For the characteristic of general accuracy of 
a direction finder we find the mean error. According to the theory or errors jit 1s 
most correct to take for mean error the mean quadratic error, but for simplification 
of calculations we frequently limit ourselves to finding the arithmetic mean error 
(without taking into account sign), 

For radio direction finders, working on short and medium waves, during direction 
finding at night scattering of errors 18 go great that their average magnitude 
insufficiently characterizes work of the direction finder, Methods of analysis of 


observitions are presented in Chapter 11, 
Determining General Sensitivity of a Radio Direction Finder 


To determine general sensitivity of a direction finder we simultaneously perform 
direction finding and determination of field strength by a comparator, During 
direction finding by hearing we note the angle of sailence. During visual direction 
finding we note the line width of the image of bearing or the magnitude of oscil- 
lations of the pointer of the indicator from the influence of noisen, 

On ultrashort, medium and long waves sensitivity can be determined by means of 
observation of different remote radio stations,’ On shert waves observation of remote 
stations because of the influence of fade-outs leads to very ineccurate determinations 
of sensitivity. Tnerefore, on short waves sensitivity is better determined by using 
a local generator, removed a certain distance from the direction finder, 

Field strength in all cases 1s measured by a comparator, If there is no 
comparator, sensitivity can also be determined by the local generator, equipped with 
an ammeter in the antenna, whose virtual height 148 known, In thin case field strength 
near the generator is calculated by the corresponding formulas, This method is less . 
exact than direct comparison, 

Sensitivity of a vadio direction finder may also be found by means of calculation, 
4f there are determined the sensitivity of the receiving equipment und the virtual 
height of the antenna system (see &§ 2,7-2.14). 

One con determine virtual height in the following menner (Fig. 9-12): ata 
certain distence a from direction finder DF there is located emitter 0, Exactly the 


same distance d from the latter there 15 placed comparator C, so that field strength 
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for the direction finder and for the comparator in idertical, ‘The distance betweer, 
the direction finder and the comparator should be euch as to exclude their interaction, 
Fleld strength created by the emitter ia measured by the comparator. Its value Ey 
should substantially exceed the level of field 
Strength of the external interferences, The 
direction finder is tuned to the wave of the 
emitter, and its antenna system or goniometer 1s 


set in a position, corresponding to maximum 





reception power, Voltage on its output 
Fig. 9.12, Diagram of Pp Pp & utput 1s 


location of instruments “measured by a voltmeter. By gain control inatru- 
during measurement of 
virtual height, ments output voltage is set such that work of the 


receiver in the linear region is ensured. To 

ensure linearity there will aiso be turned off the automatic gain control, 
Then we disconnect the antenna system from the receiver and connect to it a 

; generator of standard signals through antenna equivalent. In the goniometer system 
ell non-operating windings of the goniometer should here be loaded on antenna 
equivalents Eq (Fig. 9.13). Without touching receiver controls, we adjust the 
eof the generator of etenderd sienala to obtain on the receiver outnut the 
game voltage as was obtained earlier from the external emitter, Obviously, in this 


case voltage in the antenna circuit E_ from the generator of standard signals is 


& 
equal to the voltage in the antenna circult Eq,» which the ore emitter created, 
* 
On the basis of thie we can find virtual height as Ky “ E 
0 


Receiver 





Fig. 9.13. Cireult diagram of 
receiver, 


« 
Determining the Directivity Pattern and the Directivity Factor 


v é 
To determine the directivity pattern of the antenna system of the direction 
& 
finder in the horizontal plane it is necessary to determine the dependence of output 


voltege of receiver on angle, which the direction of propagation of the wave forms 





*“Tnic formula is valid when resistance of the equivalent 4s equal to resistance 
of the antenna. 
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ee: with the plane of the anterna system. Ina system with a turning antenna thia angle 
can be changed by rotation of the antenna system itself. The radiation pattern of a 
lig radio direction finder with fixed antennas can be found by rotating the device 


intended for rotating the radiation pattern (goniometer, commutator) and noting the 





a dependence of output voltsge on the angle of rotation of the gonioneter or commutator, 
r Another method of finding the radiation pattern consists moving the sender around a 
r fixed antenna system on a circumference, whose center coincider with the center of 


the antenna syste, 
One should equip the sender with an ammeter for measuring in it the current, 
: which should be maintained strictly constant. To ensure great accuracy it is possible 


to recommend monitoring constancy of field strength in the direction finder by a 





,; comparator, 
t. : Angular shift of the sender is measured by a compass, theodolite, or another 
& such instrument. 


Output voltage of the receiver is measured by a voltmeter, It is necessary 
beforehand to check the range of voltages, in which output voltage linearly depends 


on inpvt, and during the whole test voltage should not leave the linear region, 


U 
Nependency — = F(6), presented graphically in polar or cartesian 
may eOur 


coordinates, is the sought directivity pattern. The directivity factor in the 


horizontal plane is determined graphically from the directivity pattern: 


P De = 2s 
Jen 


pa Ut _ a F (8), 


where 


Thus, to determine the directivity factor it is necessary to canstruct the curve 
of the dependence of p* on angle @ and by planimetry find its area ["r®ao. Number 
er, divided by the found area, gives the directivity factor. 

If field strength is measured by a comparator, then before completing the show 
calculations 1t is necessary to introduce a correction in values of measured output 
voltages, determining magnitude 

nue == Vous Eset, 
where a maximum field strengths 


E— field strength, measured at the same position of generator, at which 
Vout is measured, 
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pe i During construction of the radiation pattern we use values of U out on ; 
ae ' 4 
haf : U maxsout? a 
2 Measurement of direc‘ivity patterns in the vertical plane causes considerable i 
oe ore 
oh) technical difficulties; with this purpose it 4s possible to use aircraft and Re 
fe bi os helicopters [9,3]. E 
Bi 
ay 
ral 
S 
a 
4 
q 
“sy 
Siew Ee, 
gq 
. nae ee EPR 8 ES TE ET TPIT Cy APY SA A OE EG ETL TES NS: SCT WON eT > 4 





Jon 2 ieee Bec eg So oes ity ae sats et ge Sa 12 Sasol SSC Net eT 
cata Seb saat a Sipe A Bee aD FE Sag ret sere DS “SEE sever as Ses Ptr oe ns etal pak fe fala ina AE 2 


me “|g > eon serene HBR 58 - 






r Principles of Radio Directicn Finding, 
: : "Soviet Radio" Publishing House, ¥ 
: Moscow, 190k, Mer 


Pages: 542-560, 


i gee: 





\y 
iy 
[a 
a CHAPTER 10 
I. DIFFERENT APPLICATIONS OF RADIO DIRECTION FINDERS 
List of Designations Appearing in Cyrillic 
le 
i ‘ n= i» [definition undetermined] 
re 7 M&KC = max = maximum 
np = long = longitudinal 
; p = loop 
‘ Tl = RDF = Radio Directional Finder 


fm = trans = transverse 
hy Below are certain practical instructions on selecting the site, installation, 
and adjustment of ship, aircraft and ground radio direction finders. In this chapter 
we used meterfals sf published manuals aud 1ecummendations [1,40, 10,1, 10.6, 10.7]. 
7 40.1, Ship Radio Direction Finder 

Selection of Site 

For installation of the antennu array of a ship radio direction finder one 
should select the place, most removed from metellic parts of the ship. Therefore, 
the antenna array should be assembled as high as possible avove the hull of the ship 
and as far as possible from stacks, masts, antennas and metal superstructures, 

To indicate beforenand the best place is difficult. At medium waves the ships 
hull usually is the main influence, Knowing dimensions of the ship, it is possible 
by the formulas (5.58), (5.60) to approximately calculate deviation, caused by the 
hull when placing the antenna array directly on the deck or on a mast, 

On short waves of greatest influence are antenna-like objects (masts, stacks, 
and so forth), tuned in resonance with the frequency of direction finding, when on 
their length there is laid-off e quarter of the wavelength or three quarters of the 
wavelength (Fig, 5.414). 

Thus, 30 m mast creates the greatest deviation at frequency f = 2,5 Mc; the 
captainfs bridge 15 mn high, at frequency f = 5 Mc; a 14 m stack, at frequency f « 
= 7 Mc, Range of frequencies at which such objects act depends on their transverse 
dimension, An antenna made from a conductor practically has effect in a range of 
+5% on both sides of resonance frequency; a stack, in range 210%; a bridge, in 
range approximately *20%, etc, 
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% On ultrashort waves large structures shield reception, and direction finding 





becomes impossible, 


It is necessary before inspection on a ship to consider on the plans of equipment 


atte? 


of ship the most convenient places and to calculate for them on the basia of materials 


Li of Chapter 5 maximum deviations. 
\ Antenna systems with spaced loops or with spacing of antennas greater than A, 
a : because of their somewhat sharper radiation pattern, are less subject to the influence 


of fields of reverse radiation. An antenna array with spaced antennas with small 
spacing reverse emitters is influenced to a stutl larger degree than a loop array, 
t, 7 because of stronger action of the electrostatic fields on vertical antennas. 


After places for mounting of the antenna system are noted (usually several), it 


°IEO- 


is advisable to test them with a portable radio direction finder, 1f possible, and 


6 select the best place. To find the fitness of the place we take the curve of 

[: deviation along by one of the methods shown below. The best place will be the one, 

a for which maximum deviavion 18 less in the working range of frequencies of the radio 

% ; direction finder, On medium waves the curve of deviation should be very close to 
quadratic (quadratic deviation is easy to compensate) and vary little with frequency. 

Kk On short and ultrashort waves deviation should vary smoothly with change of 


relative bearing of the station and with change of frequency. Furtnermore, there 





a should be obtained complete angles of silence for bearings of all directions u-560° 
in a sound radio direction finder, small ellipses of images (not more than 15%) in 
an automatic two-channel radio direction finder, and precise readings of bearing in 
other systems of direction finders, a 

Finding or the curve of deviation and.check of the quality of direction finding 


should be done at sea. As long as ships are in the dockyard, it is impossible to do 


these jobs, since around ship there usually are many foreign objects, creating 7 
additional errors, a 
The place for mounting receiver equipment should be convenient for work, The > 
length of the high-frequency cable required for connection of the antenua array (of 4 
goniometric or other type) with the receiver should be as small as possible, The 2 
receiver equipment of a radio djrection finder should be installed in the chart " 
house, since tie navigatory uses the radio direction finder, a 
Mounting of the Antenna Array of a Radio Direction Finder ; a 


Let us consider cases, when in the ship radio direction finder as the antenna 


array there are applied a rotatable loop, @ goniometric system of two B 
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od 
mutuelly-perpendicular er rotatable aysatem of apaced loops, and a syotem wit. 
spaced antennas. 

The antenna array is installed in such a manner that ita axis of aymmetry lle: 
in the dianetrical plane of the ships otherwise there may appear a coefficient of 
constant deviation 4, varying with frequency. Such deviation La difficult to 
compensate, 

An auxiliary antenna, if it 18 not provided in the construction of the antenna 
array, is6 taken as far as possible vertical and located in direct proximity to the 
directional antenna. 

In a rotatable system with reading by the minimum the dial is oriented in suen. 
& manner that it reads angie 90-270° when the plane of the system coincides with tre 
dilometrical plane of ship, or 0-180° when the plane of the system 4s perpendiculs: 
to the diametrical plane. {na goniometric system one loop or pair of antennas are | 
usually mounted in the diametricai planes the second is mounted across the ship, 
With unequal dimensions of loops (for a medium-wave radio direction finder) the 
smaller loop 4s installed along the longitudinal axis, thanks to which quarter 
deviation partially _s compensated, 

For a goniometric radio direction finder 4t 48 necessary to check correctnese 
of connection of the ends of field coils of tne goniometer to the loop device and 
of ends of the searcher coll to the receiver. 

For this we listen to and fix any radio station, when to goniometer there is 
joined only one longitudinal loop (transverse is disconnected); the bearing should 
pe 0° or 180°, If instead of 0° or 180° the bearing 48 equal to 90° or 270°, ther. 
to the longitudinal loop we join the other field coil of the goniometer, 

Further we f1x a radio station, when one transverse loop 1s connected) vdearins 
should be 90° or 270°, 

Finally, we join both field coils and check matching of fields. With rotation 
of the ship counterclockwise the bearing should increases if this is not so, one 
should exchange ende in any ot the field coils, 

Correctness of determination of direction is attained by true connection of 
the ends of searching coli. If direction is determined incorrectly, we awitch the 


ends of the searcher coil. 


In the same tasnner connection to the receiver-indicator of a two-channel radic 


direction finder 15 checked, 
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It 48 very important that near the outdoor equipment of a radio direction finder 


all touching metallic parts (for instance, bulkhead of the bridge, guard rail, struts 
etc.) have good contacts with the hull: ctherwise with variable contacts, there is 
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obtained variable deviation, Furthermore, during disturbance of contacts there is 


audible a crackling in the telephone of the receiver, 
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Cables and other metallic rigging nearest to the antenna array should have a 


length, smaller than 1/4 Amin? If the antenna array is mounted on a separate mast, 
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the upper part of the mast should be free of yards standing out t» the sides, and 
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go forth. Guys for the mast should be symmetrically located about the antenna seyster= 


L 
Ba: Teking the Curve of Deviation of a Ship Radio Direction Finder i. 
bos e { 

AD t : 
a The bearing q of & radio station, lying at heading p to the longitudinal axis § 
be of the ship, under the influence of metallic objects located around the loop ; 
f te (antennas, guys, metal hull, and so forth), is incorrect, 
‘ bd ' Deviation f is equal to 
; 


f=p—¢. 


-~- 


Tne formuja for f gives the absolute value and sign of deviation, Deviation 


3 
i 
generally varies with heading and depends on the length of the fixed wave, After ! 
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’ , installation of a radio direction finder before using it, it 1s necessary to determi: aera 
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deviation for all directions from 0° to 360° and for needed waves (take the curve of 


ra 


deviation), During subsequent work on the radio direction finder we use curves of 
pe deviation to determine corrections to bearings, 

: : Tne curve of deviation is taken chiefly by a visible radio station, transmittinic. 
, certain signals for this purpose, We determine visually headings p to the working 
radio station related to the longitudinal axis of ship and simultaneously take 
readings on the radio direction finder, 1.e., determine angles q. Knowing p and q, 


| we calculate deviation f and construct the curve of deviation in the form of the 





dependence of f on q. 
Tne curve of deviation of a ship radio direction finder can be found by the 


following methods, 


Pag arenes 


4. We use work of the sender of a non-directionai radio beacon or auxiliary 


ship, The ship with the vadio direction finder turns every 10-15° near the beacon 


i a are ac a at 


or auxiltary-ship., On every course there is determined visually the heading to tne 
transmitter p and there is made a reading on the radio direction finder q, Devi- 


ation is defined as the difference between these readiigs. 


we 
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Instead of lie on courses every 40-15°, it 18 possible to accomplish continuous 
circulation end to take visual readings and radio direction finder readings every 
10-15°, 

The distance between the radio direction finder and the sender is more than 
2-3 4, in order to be in the field of radiation of the sender, 

2, The ship with the radio direction finder can be turned with the help of an 
auxiliary tug. Such a method is employed for large ships, whose own movement is 4 
costly. 

3. The ship with the radio direction finder can stand at anchor, and the 
auxiliary ship with radio transmitter passes around it, Reading every 10-15° of 
movement of the auxiliary ship simultaneously visual headings p and radio bearings 
qd, we calculate deviation f. 

4, It is possible to take deviation by an invisible radio station. We 
calculate the bearing a from the point of taking the deviation to the radio station, 
To determine the true bearing every 10-15° of turn of the ship we determine radio 
bearings q and simultaneously compass courses (KK). Ynow’ 2 deviation of the compass 
SK and declination AM, we calculate p and f: 

P=e—(KK+4M-4-AK) | =p—g. 

When taking the curve of deviation it is necessary that at a rudius of at 
least one nautical mile there are no other ships or harbour structures, 

The power of radio station from which we take the deviation should be sufficient 
so that readings are absolutely clear, With large range of waves of the direction 
finder we take deviation on several waves, 

Deviation varies with change of the drought of the ship, 

So that there 1s no error from parallax, the distance from the loop of the radio 
direction finder to instrument, on which we read the heading, should be not more than 
1/192 of the distance between the direction finder and the transmitter, 

I? in the redio direction finder there is no means of compensation for devi- 
ation, after determination of deviation and construction of the curve of deviation 
we calculate coefficients of the expansion of the curve in 4 Fourler series. 

Calculation of cenefficiente of deviation is reduced to replacement of integral 
expressions of coefficients of tne Fourier serics by the sum of ordinates of the 
curve of deviation at definite intervals of degrecs. In Table 10.4 (see ingert at 
the end of the book) there 148 given the form for caléuvlating coefficients of devi- 


ation using ordinates evelry 45°, 
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After determining coefficients of deviation we inspect around the loop cf the 
direction finder to see if they are removable factors, causing any abnormally great 
coefficient (see § 5.8), As a rule, after removal of factors causing deviation it 
ig unecessary to again take the curve of deviation. 

On the basis of the obtained resulta for subsequent use we construct curves of 
deviation or compose tables of deviation for approximately every ad cherwe of q. 

If in the radio direction finder there in equipment to compensate for devi- 


ation, then we first determine deviation only on eight headings: 0, 45, 90, ..., 214” 


-at that frequency, at which compensation is provided, We calculate coefficients A, 


D, and EB, which compensate, Then we take residual curves of deviation by one of 
described methods. 


40.2. Radio Direction Finder on an Aircraft 


On an aircraft radio direction finder besides norma]. requirements there {5s 
presented an additional one — atrength of construction (loop, receiver, etc.) with 
minimum volume and weight, Such a requirement is set because equipment on an alveraft 
experiences scrong shocks, For combat shocks the receiver 1s fastened to special 
shock absorbers. 

Aircraft interferences, in two forms — acoustic and electrical ~ adversely 
affect actual sensitivity of a radio direction finder, 

In light of the impnirment of the actual sensitivity from acoustic interferences 
during sound direction finding, on aircraft they apply visual radio direction finders, 
most frequently radio compasses and radio compasses, 

Basic *lectrical interferences are interference from ignition and interference 
from electric generators end motors of the aircraft. The most effective method of 
counteracting interferences of ignition 1s complete shielding of the ignition circuit, 
Other methods do not lead to complete freeing from interferences in the wide band 
width of the direction rinder. Interferences from electrical gererators end motors, 
mainly commutator nolees, are cancelled by blocking their circuits with choker and 
capacitances, and measures are ulso taken to decrease sparking. 

In spite of all tne measures ageinst interferences, the level of noises on 
aircraft is greater than on earth, and, consequently, sensitivity of a radio direction 
finder 18 worse, 

The aircraf. radio direction finder is eften used for flignt on a radio station, 


In this case the rotatable loop ia installed across the airplane fuselage (the 
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is i goniometer is set at 0°); and the course of aircraft is regulated in such a manner 
that the loop remained in the position of bearing (in telephones, zero audibility, 
my or on the indicator of the sexdcompass, a zero reading). 


With such use of a racio direction finder from wind there is created drift of 






























yw the aircraft and time of flight is extended, By selection of a leading course, at 
os which the resultant speed of the alreraft and wind coineide with the direction of 
ine flight, 14t 1s possible to achieve a 
ty blade Grows -opractet banring 
a (| =—' apn ae ee direct line of flights; for this we 
" sae ener 
\ ¢ Beta Bier iat rotate the loop a bit. Correct rotation 
~ of the loop can be judged by preservation - 
ra : SS>canasscss V4 
in ee of the compass reading, 1f we maintain a 
~ the course from readings of the radio a 
v: Bary c=. nn a CaS direction finder, With increase of § 
. 2 0 PtP =o cor ota sighs 
‘ 2 yt 50 Sor 560 flight speed the influence of wind drift 
: 5 bm 1650m decreases, 

38 ee 
. ; Spacseraseaee Orientation and check-out of the 

ry b 4560 
P mounting of the antenna array of the 
$: ; au 16200 
‘ J radio direction finder on an aircraft 
F i ow ru ioe Lev Sad A 0 is carriea out just as on @ shin. 
Fig. 10.4. Sample deviation curves, Taking of the deviation of an aircraft 


radio direction finder in alr presents 
aifficulties. Usually we place the aircraft in flight position on the ground en a 
rotating circle and turn it at different angles to a local transmitter, located a 
distance of at leest 2-3 4 from the aircraft [10.1]. By comparison of visual 
readings ond radio bearings we determine deviation, ‘The site where we take the 
deviation should be free of disturbing objects (wires, antennas, trees, etc.), The 
procedure for taking the deviation curve and analysis of results for an aircraft 
radio direction finder do not differ from the procedure and analysis for a ship 


radio direction finder. 


Semple deviation curves of a inodium-wave radio direction finder on an aircraft 


are given in Fig, 10.1. 
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16.%. Compenration of Deviation in a Radio Directjon 
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Binder witn axis watabvle Log Loop 

| There exist ceveral methods of compensation of deviation of a radio direction 
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finder. Tney can be divided into two groups: methods of mechanical compensation of 
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ceviation and} methoda of electrical compensation of deviation, 


In some installations both methods are used simultaneously, 
Mechanical Methods of Compensating Deviation 


Principle of work of a mechanical compenaator is based on the fact that the 
dial (or dial indicator) on which ihe bearing ja read fitted on the shaft (of the 
loop or goniometer) by an auxiliary device. This device creates diaplacement of the 
dial (or dial indicator) with respect to the loop or searcher coil of the goniometer 
an angle, equal to the deviation, and thus deviation is compensated, 

In Fig, 10,2 is depicted a system of four levers a, b, ¢, and d, connected at 
points 1, 2, 3 by hinges. Eetween points 1 and 3 there acta a epring, thanks to 
which hinge @ and the roller attached to it constantly press on disk L. Lever a is 
connected to the shaft of the loop (or searcher coil of the goniometer); lever b is 
connected to the dial indicator, With rotation of the locp shaft the dial indicator 
tracks the loop, 

If disk L has the form of a circle, then the angle between the loop and the dial 
indicator remains constant, since their relative position does not change. Giving 
disk L the corresponding form, differing from a circle, it 18 possible so to move the 
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Glial indices with veapect to the 
with a projection) as to compensate any deviation of the radio direction finder. 
Sometimes iuntead of disk L we employ flexible steel tape, whose form is 
regulated by levers, ‘The roller goes inside tape. The spring draws points 1 and % 
together, 
The mechanica). compensator can compensate deviation of any law, However, it is 
advisable to compensate only even coefficients of deviation D, Z and constant devia- 


baad (190) of 2007 Guide dieu L tion A, Actually, if one were to compensate 





semicircular deviation {B and C), then, reading 
the bearing not from the correct side (q + 184%), we 


make an error, equal to 


2(Bsing-+ Cccs 7), 
and with noncompensated semicircie of deviation, 


if we do not consider deviation, error 1a equal 
Fig. 10,2, Mechanical 

compensator of devia- only to 

tion. 

Bein G-+ Coos. 
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Tne mechanical compensetor cancels deviation on one wave. For other wavea there 


are given tables and curves of renidual deviation, 
Electrical Compencation of Deviation by Installing a Loop 


Ae was shown, of greatest importance in deviation of ship and aircraft redio 


direction finders, working on medium and long waves, is quadrant deviation, Therefore 
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in practice we are limited to electrical compensation only of this deviation, 


although in principle we can compensate electrically for other components of devi- 
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4 

; ation, We already saw that the body of a metallic 

‘ ship (aircraft, dirigible) creates deviation with the 
4 same law, as @ re-emitting loop, On the basis of this 
4 it in poseible to compensate deviation caused by the 

{ 

i metallic body by installation of an auxiliary frame, 

R 

\ The body of a metallic ship (aircraft, dirigible) 
a 

, Fig, 10,3, Change cf is equivalent to a closed licop with characteristic 

: coeffictent of devi- 

: ation D with change wavelength Aon approximately equal to twice the length 
; of wavelength. 

' of the body. The law of change of D with change of the 
x received wave >» 's shown in Fig. 10.3. Ideal compensation on all waves could have 


been achieved by construction around the direction finder loop of a closed loop with 
PaOramevers, Cqual Ww paamete.s of tue frame which is equivalent to the vody, in 
practice, this 1s unrealizable, since we obtain very large dimensions of the 
compensating loop. It 1s possible to construct compensating loops of smaller 
Ei dimensions, and cuuple them to tne direction finder loop in such a manner as to 
compensate deviation, eeg., on long waves. Since the fixed wave will be much 
larger the characteristic wave of such an additional loop, the compensated devie- 
tion will almost not vary with change of the weaves of direction finding. This will 
occur until the wave approaches the characteristic wave of the frame, equal to its 
perimeter, It turns out that by an additional loop, practically relizable, it is 
possible to compensate coefficient D, constant on the wave range. , 

For a great many aircraft and ships in their working range of direction 
finding coefficient D remaina constant, and, consequently, for compensation it 4s 
possible to choose 4 compensating closed circuit, 


According to formula (5.43) we had 
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10.4, Electrical Compensation of Deviation 
ina Gontonetric Madio Diraction Fincer 


i 
: iam pss he PS: Ay PAE 
; : ! Zou t= foLog. 
[ 7 s Given the area of compenaating loop So, it is possible to calculate Los and 
* | Max and then m (ho and 34 — number of turns and the aren of Uhe direction ftaver 
7 | loop ~ are know), Fromm we calcovlave coefficient D, compensated by the addit‘onal 
x loop. Thus, by approximation Lt is possible to find the required compenseting loop, 
bod Sometimes for compensation they make the additional loop rigid, consisting of 
| . | two spaced steel rings, fixed motionlessly, symmetrically to the shaft of the loop 
re | ne on both sides of it, along the longitudinal axis of the 
Ae aes ship (aircraft). 
re | és ae By changing the inductance of coil, which closes 
ae Poa the rings (Fig. 10.4), it 18 possible to achieve sae 
Fined loop i compensation of the required value of coefficient D, 
- SSS The adjustable magnitude in this construction is Zo, 
| Fixed loop { 
i 


Compensation of Quadrant Deviation D sin 2q 


Earlier it was shown that if %lelds created by 


field coils of the gceniometer are not identical and are equel to 
Hy mane wa, wane =A, wanes 


where a # i, then in the direction finder there appears error, which 1s expressed 
(4.16)s 
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The dependence (4,46) of error on the arrival direction of tie wave is 
anglogous to quadrant deviation from the hull of a ship (5.57). This view can be 
used for compensation of quadrant deviation in goniometric radio direction finders, 
creating in the goniometer an error the opposite of the deviation, Field coils of 
the gonionever are made identical; to produce of unequal fluxes one of the field 
coils (longitudinal) 1a shunted by en inauctance of a combine inductance and 
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only an inductance, in which there ie created an error opposite to quadrant devi- 
ation Dain eq, and sonsiant in the wave rene, 
Let ua designate: 


La ong - inductance of longitudinal loop; 


Fs Le vans — inductance of transverse loop 


L, — inductance of each field coil (we assume they are identical); 


Pe ede Pe ee 


my : Le ~ shunting inductance; 
1 h, + virtual height of each loop. 
ahen the maximum flux in the gcniometer from the tranaverse loop is equal to 


—kEA, 
a(le+Z,)' 


maximum flux from the longitudinal loop is equal to 


Mt, wane = 


a's 
weenie Aw ONE CN 


Sr) 


s Hy xano= S74 a, Mares 
e(e tee 
F whence ; 
+E 
: ‘ @4= - i 
. or re Li 
\ I Pa a (10.4) 


sf Li... 2 L = IL, then F : 


s 1. 
wa GG busy 





t 
a@== wee 
Ly s (20.1 ) 
l4-ete 
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Knowing quadrant deviation of the radio direction finder, it is pussible to 
celect a in such a manner that 


1—D ; 
&c=i;b° (10.2) 


i.e., so that there is created a deviation, opposite in sign to deviation from tne 


opidene cd no.iaheeitAtld dua’: cute most? caweie® bor anesi- ewe i! seed aha ie: abtetans: ge Lucid 


hull, Then quadrant deviation of radio direction finder wilj be cancelleds : 


_ LL, ; 
D= TL Fah Flin * (40.3) 


From formula (10,1) the expression for shunting inductance Ly will de 4 
. LiLep [3 
L.= oe os Ga er re : (10.4) ‘4 
Usually the coil for shunting longitudinal loop (compensating choke) 4s made with ig 
leads, where they are chogen in such @ manner as to zompensate the coefficient of 14 
‘2 
quadrant deviation D approximately each degree, ‘Then after taking the deviction 1: 
(: 
<a : 
i : 
i 
4 
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curve it 1a simple to connect the corresponding lead of the coil, 


"4 Since from equations (10,3) and (10.4) it ia clear that L, does not depend on 
eae wavelength, then the compensated quadrant deviation D will rot depend on the wave, 
ie Quadrant deviation, not depending on wavelength, is observed with waves, larer 
ES than 5-10 lengths of the ahip hull, 
ro: In this calculation we disregarded capacitance of feeders, connect.jig the loops 
ie to ield coils of the goniometer, If we consider these cupacitances, then it turns 
a out that the compensated coefficient of quadrant deviation D does not remain constant 
j on different waves, but crows with decrease of wavelength, Sharpness of change of the 
w compensated coefficient with the wave depends on the magnitude of the capacitance 
tel of the feeders, In practice the coefficient cf quadrant deviation of a ship 
he (aircraft) radio direction finder also grows with decrease of the wavelength. On 
long waves the capacitance of feeders is small, and the compensating choke can be 
2 calculated by formula (40,4). 

Sometimes after connection of the compensational choke designed for the longest 
*, wave and determination on several waves of residual deviation it is found that on 





shorter waves there is a coefficient of quadrant deviation, increasing with decrease - 


7 of wavelength. The means that abruptness of change of the compensated coefficient 





D with the wave is less than abruntness of change with the wave af real cneffietent 
D. ‘In such a case, in order to achieve the best compensation of quadrant deviation 
in the wave range, it is necessary to couple an additional capacitance in the 3 
transverse loop, Conversely, if ateepness of variation of the compensated coef- 


ficient D with the wave is greater than steepness of variation of the real coe?- 





ficient D, then one srould couple the capacitance in the longitudinal loop [10.2]. 
In a two-path automatic radio direction finde: Jt is possible to compensate the 
coefficient of quadrant deviation D, constant in the frequency range, by employing : q 


unequal gain factors in the channels, ‘ - 
Compensation of Quadrant Deviation E cos 2 q 


During the analysis of the goniometric system we saw that presence of coupling : ; 
petween field coils of the goniometer leadc to the appearance of quadrant error of is a 


form E cos 2q.(§ 4.6), where (4.27) : 
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where ae = coupling impedance between field coilsy 


@— impedance of loop circuits 


i ~- has totally real value, if we disregard active components of Ze and Z. 


Simultaneously there appears octant error K sin 4q, where 


=-4(8) ~~ 

By choice of coupling impedance 2 it 4a possible to compensate quadrant devi- 
ation EB cos 2q. 

The simplest method of creating of coupling Detween field colla is connecting 
inductances (compensational chokes) between the field colle (Fig. 10.5). 

In Fig. 10.58 we designate: 

L—~ inductance of loop; 

Ly — inductance of field coiiy 

Ly — inductance of coupling coil (compensational choke); 

Ls — inductance of searcher coil, 

Let us disregard active resistances of loop circuits. We determine the expres- 
sions for 2 and Zaye We designate (Fig. 10.5b) resistance of the part of the circuit 
below points aa, but above points bb by 


t 


X. Impedance of the loop circuit is 
Z=j (ab + 4). 
We find the expression for Z, from the 


influence of circuit II on circuit Is 


: LL 
Ze= lol + XN Tr eaiE Loy 


Pes | Macoiver 





Compensated coefficient of deviation 





®) Will be 


Fig. 10.5. Compensation of deviation 


E cos 2q, 
oe a ee thy 
E=T~ Teleh) = 142th aby- (10.5) 


Formulas (10,4) and (10.5) for compensated coefficients of deviation E and D are 
absclutely identical, 

Consequentiy, inductance of coils Ly for compensation of deviation E cos 2q 
should be calculated just as inductance of the coil for compensation of deviation 


D sin 2q, 
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A ship radio direction finder with a goniometer system usually is equipped with 


er nen 


three identical compenssational chokes with leads for compensation of deviation every 
1°, One choke serves to comnensate coefficient of deviation D, and we connect it in 
1 parallel to the longitudinal loop of the radio direction tinder. Two other choxes 
serve to compensate coefficient of deviation By they nmre connected between terminals 
bt of the field coils. 

ti; In comparison of mechanical and electrical methods of compensation of deviation 
one should note the basic deficiency of mechanical systems — lowering of accuracy 

of reading of bearing. 


Let us assume that the design and electrical circuit of a radio direction 


Lr ¥ 


finder permit with a given certain field strength of the fixed radio station, 





e wavelength and averege observer a certain accuracy of bearing reading (error lq). 
{ By a mechanical deviation compensator we compensate quadrant deviation 

f= Dsin 2g. 
. The true bearing, corrected by the mechanical compensator, is 


P=¢+f=9+Dsin 2. 

Error of reading Ap will be obtained by differentiation of p with respect to q: 
Ap = 4q(1 + 2D cos 24). 

' When q = 45, 135, 225 and 346°, Sp = &q, i.e., accuracy of reading does not 


ay Peet east i pabapetid ll ie co e8 2 a eon chaet oil Mees 


change. 
When q = 0, 90, 180 and 270°, fp = 4q(4 4 2D), where D is expressed in radfans. 
Accuracy of the taken bearing depends on D. Thus, if Ds» 15°; 2D = 30° = = = 
«= 0.503 rdn, then ap « 1.5Aq. 
With growth of D inaccuracy of reading of bearing on a radio direction finder 
with a mechanical compensator of deviation increases, so that work will be especially 


bad when Dis great. 


ae eee Ce, a, 


Electrical methods of compensation doa not possess this deficiency, 


4 
The mechanical compensator of deviation creates additional error when there is 





an angle of silence (oscillation of the pointer of the indicator becaus2 of n-ises, 


P: 
etc.). Indeed let us assume that on the dial of the radio direction finder limits ; 
of the angle of silence will be 

P.=4, + Dsin 2, : 
Pe 9+ Dsin %,. | 


True bearing i8 equal to 


p=tte +.Dsin(q,+ 9,). 


—_ 
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Bearing on dial Po is defined as the arithmetic mean of Py and Pot 


A= CF Pretty O (sin 2¢, -4-sin 29,) 
or 


P=? 





+¢ ' . 
: 3 : + Dsin(g, -}-¢,) cos (g, -~ 9,). 
Error in reading of bearing will be determined from expressicn 


1Al=1 p.— pl= Dsin (9, -+ ¢,)i! —cos(g, -—9,)]. 
For any angle of silence, determined by % 7 Ape maximum error will be at a, + ds = 


= 90°, Tnen 


| Mxane [== D[1 — cos (ce, — 9,)] == 2Dsin' ("5% ). 
If D = 20°, q, = 65°, a, = B60. dacs aiwie oP allence 46°80. then 


{4uaxc j== 4@ sits" 20° == 4, 7. 


40.5. Land (Airport, Shore) Radio Mrection Finder 


The antenna system of a ground radio direction finder should be installed as 
far as possible from re-emitting, current-conducting objects on a site with good 
ground conductivity, At the place of installation of a radio direction finder there 
should be no industrial interferences, impairing its sensitivity and accuracy. The 
Place should he selected so that it is convenient as far as access roads, power 
supply, communication circuits, and so forth. It should be suitable for work in 
the RDF network (see Chapter 11), 

Let us discuss in greater detail the fitness of the place from the point of 
view cf ground conductivity and surreundings. 

Requirements for ground conductivity are determined by the type of antenna 
system of the radiodirection finder, This question fis considered in Chapter 6, If 
there is installed an antenna systen, whose feeders must be protected from reception 
of a horizontally polarized electrical fjei:, lor instance a U-ehaped goniometric cr 
phase rystem of spaced vertical antennas, the ground conductivity on the antenna 
site should ce at least 407? KE if the feeders are buried in the ground, and at 


least 107? —-4 


Chasen ‘= there 46 applied a ground metellizing network, 


Ground conductivity can vary from month to month. ror determinatior of average 
or minimum ground conductivity by seperate meusurements see [10.8], Crsund 


conductivity snould be measured not only on the surtace, but at the depth of laying 
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of feederas (about 2m with burying of feeders), During measurements it 18 necessary 





to consider the depth of penetration of electromagnetic waves in the soil, In 
addition to Fig. 6,5 in Table 10.2 there are given fo" soils two values of cepth 
- conductivity where field atrength decreases to 1/10 with respect to the field at 
eee the surface. One should also turn attention to whether ground conductivity fs 
> $y t 
a identical within the antenna site (see § 5.2). 
~ 
a In Table 10,3 there are given permissible minimun distances to certain reverse 
ue emitters or permissible angles of visibility when ucting an antenna system with a 
*. 
| s | cosine directivity pattern [10.6]. With increase of separation of antennas errors 
oP 
a | from the influence of reverse emitters decrease 
Table 10,2. Depth or Pen- (§ 5.3) and, correspondingly, distance ty emitters 
el : etration of Radio Waves, 
1. at Which Field Strength can be decreased, Distances of Table 10.3 are given 


Decreases to 1/10, 





separately for long and medium waves (range of 
H spin of ceretreuicn, & 





aa # Tae cinaiiiw (eieacees frequencies 100 ke to 1.5 Mc), short waves (range 
eo m duc tivity 
ae es by Pe es ee ier of frequencies 1.5 to 30 Mc) and ultrashort wave.. 
| Stave 7a 
| © | elo’ esr © 1c8 Case (30 to 400 Mc) and for two casest 
x : — 
| 0,1 4“ 1S a) when expected mex: yuadratic error o fr07, 
: ‘ 0,3 29 9 
| me <a i the infiuency us tne reverse emitter o nas a value 
me t. rh 4 
n 
us Hh ’ ae on 144g, medium and short waves of 1, and in UK¥ 
300 It 18 


range 0.5°3 

bd) when expected mean quadrati2 error o from 
influence «5 reverse emitter has value on long, average and short waves of 5°, and 
tn CHF range 2°, The easter requirements pertein to the case when it is possible 
to permit the worst accuracy in light of other advantages of the place, 

Simultaneously with errors there can be observed blurred minima dusing sound 
a@Lrection f£ .ding and an elliptical image of bearing in a two~channel visual radio 
direction finder, if phases of fields of the forward and reverse emitters do not 
coincide. In composing Tavle 10.3 it was assumed that the re-emitter creates 
maximum possible error without impairing the actual reading. 

The table was composed on the basis of experimental materjals and calculating 


formulas of errors from reverse emitters, having regular geouetric forms (sphere, 


hemisphere, cube, mirror surface, vertical wire, horizontal wire, etc.). 
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Table 10.3. Requirevent to moure Normal Work of a kadio Direction Finder 















Admissible values = 
verege, medium short waves “Ultrashort waves 
waves (100 Ke (1.5 to 30 Mc) (30 to 4OO Me) 
to 1.5 Me) 
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I Slope of section, 
deg : 
II Vertical conductors i 


— for a grounded 

one of length Uv = 
= OL A (vertical 
angle, deg) 
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grounded ) 

one t= ’ 


we OLS 4 


- for une va; z 
grounded (dis- 

one 1 @ tance) 

we O05 2% 
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several 2X 
















30 m 
I1y Slanted conductors 
— In cen- » 1 Approximately as in point iI 
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— angie . (dis Heif as large as in point JI 
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45° 


















Horizontal wires 
— telegraph 
at height 
h=- 6-7 m 













See mediwn wavelengths 
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~ higher m) 
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(distance, m) 
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(Table 10.3 continued) 
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Admissible values 
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ey mienew ewe «EA verage, medium Short waves Ultrashort WaVeB = 
8 os by then TP? | waves (100 Ke (1.5 to 20 Me) [(30 ta= . I) 
tS . to 4.° Me) 

VII Forest 


single | 
trees = 
large (dis 


group of 
trees 


tance,m) 





Isolated hills 
(vertical angle, 
deg) 








we 
Poa 
rot, Mountainous site vat fit for installation of RDF 
B Buildings 
« small nonconduct- 90m 800 m 
| ing (vertical angle, 
distance) 
7 large conducting 400 


ones (distance, m) 









x Buildings nousing Tr antennas are mounted du: Uusiding 20 Snould te 
' RDF wooden 
XI Takeoff and landing 






reinforced concrete 
airport runways 
(distance) 


















River (distance, m) 


NO 33. 
fluence 





XIII Ditches, embank=- 


ments (distance, m) 





—— 


Railroad raiis 
(distance, m) 


If the distance to the reverse emitter differs from that snow in the table, one 
should cons‘der that field strength from the reverse emitter, and consequently also 


the error vary on long, medium and short waves: if the distance to the emitter is 





less than 0.1% 1t is inversely propertsonel to cube of distance D (by dependence 4/D°); 
4f dietance 1s more than A, 16 varies as i/ujy in range of frequencies above %0 Mc 


with distance of ueveral wavelengths, 1t varies as a/D*, 


= 








100? 


Total mean quadratic error from several reverse emitters, each of which causes 


error Sq Uns Tas eee, is mast cerrectly caiculated by the formula 


Vapepey 


The site chosen for installation of the antenna system after external inspection 
at a radius of several wevelengths usually is inspected for faults by a portable radio 
direction finder and local transmitter, cerried or transported on motor venicle, 
snip, or aircratt around tne antenna system, or by direction finding of radio stations 


whese locations are known. The site is considered suitable for a radio direction 


Wr bas a 


finder, if mean quadratic error does exceed tolerable limits. So that it if possible 


to use a local transmitter, around its antenna at a radius of about 0.5 4% there i 
anould not be reverse emitters, 


iitestet. 


Distance from the transmitter to the center of the antenna system of the radio 
aQfrection finder should be at least (4-4.5) nay and %-4 times greater than the 
separation of antennas in the antenna system of the radio direction finder, 


Inspection of the site permits determining the order of errors expected during 
operation, 


When constructing the home for a direction finder one should avoid construction 


of? metal drain pipes otid Lighitiudug suds. AL ew diviance of about 150 m trom the 


house electrical and telephone wiring must go into underground cable, 


If the antenna system of vertical antennas 4s mounted arowid the location with 


nee eee we ee eet 


the receiver-indicator, then pons and communication cables should be brought in sym- 
metrically to a pair of adjacent feeders, on the bisector of the angle between them, 
Wiring 4neide the building should be very close to the floor, avoiding creation 
of loops (frames), If the radio direction finder is installed together with the 
tranemitter, the antenna of the latter should be mounted symmetrically to the outdoor 
arrey of the direction finder, whose vertical > itennas are set around the building, 
In the case of ingt-.zlavion of several ouidoor : .ays on one aite to soive the problem 
; of the permiss$ole minimum distance between antenn.: syatems one should be guided by 
the fact that senit.. angle at which one ean see outdoor displey from the center of 
the other, should be no more than 2-3°, 
: With a slanted site with slope permissible according to Table 10.3 vertical 


antennas in the system should be set normally to the plene of the site, 
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Be 100! 

In a hilly site the best place is summit of a secluded round hill, which 

be dominates the remaining hills, 

The installed radio direction finder before use is calibrated by a local trans- 


wmitter, observing here the shown requisite distances between transmitter and antennn 


seadahese dod igi es code wot Addi? dS 


™ 

ee ; syetem and satisfying requirements on surroundings of the transmitter antenna, or by 
i distent radio stations, . 

“ : The radio direction finder ia calibrated also periodically during operation to 
i check its accuracy. To permit periodic calibration dimensions of the direction 

io , finder site which are free from re-emitters are increased, since saounc the antenna 
. 


of the transmitter there also should be no reverse emitters, As a result of analysia 





of calibration materials we obrain an entimator of the accuracy of direction finding. 


If the obtained constant errors are confirmed by operation specifications of the 


Jeo Oy, Thal i el 
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radio direction finder, they are considered corrections to bearings. Sometines 
‘ ; results of calibration help us to find and remove the cause of large errors. 


‘It is necessary to consider that errors from a local transmitter can differ 


a- 


* fron errors from distant radio stations because of noncoineidences of relative phases 
of fields of forward and reverse radiation 
a ey hed to when fixing local and distant transmitters, 
\ Let us determine such a minimum 
? distance to a local transmitter that 


(a) errors from local and distant transmitters 





: 7 
~ (raid atane ie metmimaumee differ by not more than 10% (Fig. 10.6). 


- 


In the figure we designated: 


Fig. 10.6. Direction findiag of 
near and distant transmitte:s. DF — radio direction finder; 


KEY: (a) [Designation uncerte‘n, RE 
~~ reverse emitter at distance X 
Ry, could be radio station], from direction finder; 


LT -- local transmitter at distance D from direction finder (D >> X). 


Difference of phases of fields of forward an@ reverse radiator during direction 


finding of a distant radio station will be 
2nX 
1=T- 
The same difference of phases from a ivc7) transmitter ta 
2a ee ‘ td J 
=F, + AGHA LX (SD HH yy). - (X+%5) 
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[00 : 
Error in direction finding ie proportional to the cosine of the difference of 
phases of the ffelds of the forward and reverse radiators. 


To satisfy the formulated requirement for permissible difference of errors 


cos 
during direction finding of local and diatant transmitters, condition PerECh 20,4 


anould be satisfied, Since, for 5 > 4 > U COS Yo * coe (4 +t 44) ™ cor Gy 7 4 HI Ve 
cos %, 


cos O, 1 - de tan g, and Ag tan g, « 0.1 or we should have 


10aX? 
D> =e tee. 
Consequently, when X = 100 m we ghould have conditions: 
for A = 300m, D = 1.7 Koy for A «@ 12m, De US kn. 


On short waves these requirements are not practically feasible, Even if calibration 


is performed at the required diatance, error varies with the frequency, azimuth and 


height of location of the transmitter. In Table 10.4 there are calculated changes 


of frequency, uZzimuth and angle of inclination of the wave front, corresponding to 


change of error of bearing from the influence of the reverse radiatcr from a maximum 


value down to zero, It is assumed that the reverse radiator is a distance of 100 m 


from the antenna aystem of the radio direction finder, 


From the presented it follows that 
Table 10.4, Changes of Frequency, Azimuth 


and Angle of Inclination of the Wave Prent,  celibretion by a leeal tran 
Corrennoanding to Change of Error from ae 
Maximum to Zero cannot reveal systematic errors of the 










radio direction finder, which are found 
Frequency, 4c 


by “selection of vearings by distant 


Change of frequency, % 
Change of azimuth, deg 
Change of angle of 
inclination of wave 
front, deg 


radio stations, whose locations are 
known, and as & reault of prolonged 
Btudy of the orneration of the radio 


direction finder, 





aac 


RBIS NG Cn ht sy su lt eb semsnarsta ansible aimee kt laid ss SOKA ania dc lA shih 


eran x sen magne She SET: ELE SEPT OI + PE TL AOC I COLCA ID OF ET PE AR EOE ED 





Ha edad ib dll aa 


dasa gndk ied tt» al ne ca lil 


alee 


er ne. aa 





ilcodem bili clae 











MPeGH5~48 
Principlea of Radio Direction Finding, 
“Soviet Radio" Publishing Housne, 


Noscow, 1964, 
Payeat 971-597 )63 


CHAPTER 14 


ACCURACY OF POSITION FINDING EY RADIO BEARINGS 


‘List of Designations Appearing in Cyrillic 


Kk =e circ = circular 


“4H = min =» minimum 


392 @21 = cllipse 
QF Op = operational 


No = RDF » radio direction finder 


tn order ts ohtein mood results in dfivection finding, it is nececsery to heve 
radio direction finders, possessing sufficient accuracy and sensitivity, which should 
be properly situated and correctly used. It is necessary also to be able for each 
fix to estimate bearings and to find from bearings and estimations of them the most 
likely place or region for finding the fixed target. 

In the present chapter we consider methods of appraisal of a single bearing and 
accuracy of position finding from bearings of n radio direction finders, and elso 
methods of construction of working zones of two radio direction finders, 

At the base of chapter lies application of the statistical theory of errors to 


radio direction finding. 


14.4. Methods of Estimating a Single Bearing 


Errors dursag. direction finding, as shown in § 2.4, are divided in errors of 
the system, which can be allowed for in the form of corrections, and random, which 
cannot ba allowed for ty corrections. Random errors characterize an individual 
reading of bearing. 

In order to determine the position of a target and to calculate position error 


from bearings of n radio diraction finders, it is necessary to know entimatcr of 


Se 








errors of bearings. On the basis of large number of obnervati ons, conducted over 

a prolonged time, there can be found the mean quadratic operational error of a 

radio direction finder Sop: However, estimated mean quadratic crror of an indS vidual 
voearing may differ considerably from Sop? ospeclally on short waves, 

Sometimes we use subjective estimation of the bearing by the operator, Sor 
which we beforehand establish 4-5 categories of bearings (for instance, by quality 
of readings, by degree of their stability, etc), For each category of Learing we 
experimentally establish the mean quadratic angular error, Subjective estimation 
with known accuracy can be applied only on ultrashort, medium, and lonp waves, since 
on these wave ranges mean quadratic error for the outlined caterories of Learnings 
should be preserved, On shortwaves, where there are too many factors affectinin the 
accuracy of direction finding, subjective estimation may lead to incorrect results. 

.It is better to employ objective estimation of bearinrs [11.4, 141.5], which is 
based or the physical picture of propagation and conditions of direction finding of 
short waves, We give in (11.5) a method of estimating bearings on short waves. 
Analysis of random errors of a shortewave radio direction finder shows that they can 
be divided into three statisticallv non-connected groups with dispersions Via Vos 
V3» deg?, 

1, Errors varying very slowly in time — error of instruments and from the in- 
fauence of the position (near and distant surroundings ). For the dispersion of these 


errors it is possible to write: 


VieViitVis(f), 


werera ee 


where Va4 ~ a component which does not depend on frequency, Va4 varies from 0,4 
deg” to 1 deg? depending, upon the antenna system of the radio direction finder and 
the site of its installation; Vy o(f) — component, depending on frequency. On the 
basis of operational specifications one may assume that Viol) m Ab, wavre A = 
constant coefficient, depending on the quality of the installation site and separa- 
tion of the antenna system; b = cocfficient, dependent on frequency: e 

~- for frequencics 2-l§ Mc, b = 4; 

-~ for frequencies 4-9 Me, bw 2; 

~ for frequencies above 9 Mc, b » 3, 

2. Errors varying slowly in time — errors from lateral deviation of radlo 
waves during roflection from the icnosphere. This error depends on the distance 
ani, to an extent, on thy time of day; becaune of the large period of chanre whic. ' 


error usually fa not averaged during the time of tabing a bearing (§ 6."), Values 
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of dispersion of lateral deviation Vo deg® = 0(D) are given in Fig. 6.48 for a small- 


base antenna system, 

3. Errors varying rapidly in time ~ errors from interference of radin waves 
and polarization; here there enters subjective error of operator readings. These 
errors are averaned by the operator. The operator usually takes several (5-12) 
averaged readings, each of which is the result of observations for 5-10 sec. With 
greater duration of cach separate averaged reading, the operator, who, ac a rule, rre 
calls the picture of the bearings only for the last 5-10 sec, will waste part of the 
time of direction finding. 

Let us assume that the operator took n averaged readings, obtained averare 
bearing 6, the difference between maximum and minimum values of averaged reading 
r deg, and observed during the time of taking of a separate averaged reading varia- 
tion of the bearing 6 deg, 

Dispersion V3 is calculated by the formula 


Vem Vai + Vay. 


Proceeding from the normal law of distribution of errors of bearings 


Vane oes’. 

Component. of dispersion Vae considers subjective error of the operator. It 
depends on limits of variation of bearing 6 during the time of taking averaged 
readings on a cathodeeray tube or on the angle of silence during a sound method of 
direction finding by a minimum, 

In (11.5) it 18 proposed to determine V30 on the basis of magnitude of play of 


the bearing during the time of an averaged reading or the angle of silence within 
limits: 


0—3° 2 = 0 deg’; 
9--13° V,=1 dcee*; 
14—18° V,,=2 deg’; 


AR 


19-23? V4 deg? 
24-370 Vy_ == 6 deg? 
to above 38° V,=9 deg? 
Thus, total dispersion of error of bearing will. be 
Veal, +V,+V,, 
Vyoe Vy Vif, V, == @(D), Via=Vit Va 
Dispersion V, or mean quadratic crror o = V¥V, together with mean bearing 6 are 


where 


used for plotting. 
ale 








-  ¢ + 
oe 9 
v4 ij: 
In 
il 
if 
; Fig, 11.41, Plotting bearincs. 
: 
oo The indicated coefficients for calculation of comprnents of dispersion are 
Ei : empirical and must be definitized cn the bacis of a check direction finding ~r radiv 
ri stations, whose positions are known, 
. | 41.2. Ellipse of Error with n Radio Direction Finde=s 
Let us assume that a radio station, located at point O (Fig. 14.1) is fixed by 
he 
8 


INES O45 Gos sees pe From angular errors of bearings as a result of plotting we 


nse 


4 

i 

n radio direction finders; (RDF), ; (RDF) 5 sees (RDF),» and there are obtained vear- { 
{ 

formed a polygua of Siaing taeaet). : 
t 


We designate: 


Dyas Dor aees ADM angular errors of radio bearings; 
O42 Sos eves Oy — Mean quadratic angular errors of bearings, 

In Fig, 11.2 there is depicted line of bearing of one (f-th) radio direction 
finder. Let us place the origin of coordinatcs at point 0, the true position of the 
radio station, axis OX we direct along parallel, axis OY along the meridian of point 
Oo. Let us designate by P; the length of the perpendicular from point O to the line 
of bearing (RDF) |K: Py = DyAys where Dy — distance between (RDF) 5 and O, ; 

Let us aseume that as a result of plotting Lines of bearings on a map for the 


position of the radio station we take point S with coordinates x, y, at distance é 
qy from line of bearing (RDF) ;K. 
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“We consider that bearings can be plotted in the form of straight lines. : 
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For q;y it is possible to write: 
@y™ Pit xc03 0, —- ysind,. 
The probability that the distance from 
point 3 ty line of bearing (RDF) ,K lies bee 
tween qa, and qa; + AQ ys is determined by 


formula 


2 


P(q,)dq,== 





pas nee ati 
¥ 2m ,D, dy. 


Fig, 11.2, Calculating probability 


density. where aD, = E, — mean quadratic devietion 


of the line of bearing from the true position of the radio station, 

Analogous expression can be written for other lines of bearings, Total prvb- 
ability that the assumed location of the radio station S is found from n lines of 
bearings, taken from points (RLF), , (RDF) 5, ooee (RDF), at distance from q, to 


a, + day, from dp tO Gp + dao, «05 from gq, tog, + dq,, correspondingly, will Le 


PO, Garee : Gn) d9,dq,. . .d9,= 
“hy ieee 


= ~e ial ej 





dq,dq,.. qn. (11.1) 


{25} are 

From the principle of least squares coordinates (Xos Yo) of the most preobatle 
position of the fixed radio station are found from the condition of a maxinum of 
expression (14.1) or a minimum of exponent ec, To determine Xg# Yq One should equate 


to zero derivatives with respect te x and y of exponent e in (11.4). We obtain two 


equations: 
. - 
loa tae ¥ 
7 ! 
- ind 
oe tee 
-jat 4 : : 


from which it follows PRES, 
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where 
Awe f) Sots aac a 
yt e 
) _ (14,4) 


Petnt (X\» Yo) the most Likely place of finding the rach. station and $2 called 
“e center of protatiites, : 
t 


trt us trans fer the orlein of coordinates to point (Hee Yodo Then, the per tw 


atility of finding the radio station at any point with cuurdinateas (x, 4) will be 


oo 
; oJ. ¢49%-P8sy a Ce% Ie ao 
P(x, ydxdy= VICI @ ¥ eee dady. (485 


From the ricnt stde of equality (54,%) we see tnat only exponent a derenis on 
varint Les x andy, Consequentiy, probabllity PF vartes only with chane oY ern teat 
e, Assuaing bhat the exponent ifs equal te & comstant, we obtain the aqencicn of 9 
cantour, on whore boundaries the peobablilty of finding the radio ntation Within 
liaitn of elementary areas dxdy has o constant value, t.r., the equation of the oene 
tour of constant protatility denoity, - Lct un desienate exponent e by coefficlens 


n~ 


eX’. Then expresaion 


, rio 


Axt—2B.cy-+ Cy! aa K? (14.5) 


defermines the locus of paints with identical probublitty density P(x, y) dxdy e» 
e const. Fquation (13.5) ts the equation of an ellipse with its center at point 
(rn, ¥j)s S606, Contours of constant probability density are ellipses with their 
renter of the center of protaldlity, 

T. determing the Interral protobility Par of finding the obfect of direction 
Sindit.: insfee the ellipse constructed for the eiven value of Ko» one should Intes 
wrnte the expressian Yor differenttal probability (14.4) within the area of the 


eVabpae Saari 
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We replace axes x, v by aren xf, yt, turning them anele +, where ton Ay = 


cu 


"Tonk 
Then we replace axes x', y! by axes xit, yt: 
wv 
em vat, 


where Ay and b, = cemiaxes of A unit ellipse, » 


vt 


6 — ae 
Gy, 0, = TAC EV (ASC) + <8? 
Let us turn to polar coordinate axes 
prong?" 
anid . 
dx"dy” =m pdod?. 


Making these replacements, we obtain the followl!n7 expression for Iinterral 


probabllity Peli? 
-S ff, 3 
or - 
Pom safer Tr ede. 
We concider p* ~ 2u, then pdp = dus 
we asx 
Pye mr J e"*du, 


Integral probability is determined by formla 


~6,5x2 
Pyext—e  *, 


‘ 


from which 


K,=V—2in(i— Py). (11.6) 


Thus, Ky in equation (11.5) 43 calculated by formula (11.6), depending upon 
tne siven interral probability Pare Below we give cocfficients Ky for various 
values of Piay (Fig. 14.3 and Table 14.1). 

If Ke = “, we obtain the couation of the so-called unit ellipse Ax® ~ PBXY + 


+ cy? - 4, and Fert “ 39.4%, 
We combine axes of the right-angle system of coordinates with principal ONES 








j ale 


of the ellipse of probabllity, Equation (14.0) of the ellipse takes the form 


z f_ ) 
ar 
95% 
ad 
Table 42,1 
« 
« Pm | Xo tM Ke FP, Ke 
0 0 fos oeazto.7 1,$$2 
0,06/0.322/10.394] ‘1 #o.865| ‘2 
0.3 0,4580,5 1,179"0,989; 3 
0,12/0,8 '0,6 41,3534 
° ‘ 4 Sa 0,2 10,671 50,632) 1,41 { 
Fle, 11.3. Curve cf inte- 
eral probability. where &. and bo — semimajor and cemimingr 


anes of any ellipse, On the basis af (11.5) expressions for semlaxes of the ellipoe 


willl be 


a 6,= ener ns, 1, eae (11.7) 


VAtCFViA—Cp +eat 





Upper aiyn (+) vertuins vo semiaxis a, (major), lower sirn (+) pertains ty 
semlaxis by (minor), 

we substitute in (41.7) formula (11.6), and after transformations we obtain 
py VAL C+ V(A— CH EB 


By b= YV— Tah = Py) LAF EEVIAR EE EO (11,5) 


YAC — 6 


Anrle y between the major axls of the ellipse aay and the meridian is deters 


mined from (14.5) czpression 


2B 
ig23=7—G (41.9) 
or 
_A-C-VA-CH Th (42,9¢) 
ty = 


For two radio direction finders formula (11,5) for calculation of semiaxes of 


the cllipse of protability is simplified anda takes the form 


Gy, b,-=P— In(l — P,) X 


x PRE SOR Me eld) eee ore —_———— 
Vs OF 7 ont bay —aopog a, 








(411,10) 





where A452 (6, ~ 04) — angie of intersection of bearings, 
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For the ansle of orfentation of the majcr axis of the ellipse from (11.9) we 


obtaln 


Dist ete 29, + Die} stn 20, (11,11) 
~~ DYE cos 26, + Lie! cos 28, 


tg 2y == 


Knowing a, and b,,, wo can find the area of the ellipse of probability; 


Sus rayb, = 2a la (1 — Pa) Sore vitae . (11.12) 


For two intersectin; bearings the area of the ellipse wild te 


Sez. vln(t—P,) = wis (11.12) 


Using formulas (11.0) and (41.9), we can cbhtain tie following expressions 


for semlaxes of the ellipse: 


a , Ke 
on CFBtay 
(12.44) 
ni 
ve e 
a —Bwgy * 
Tr (44.72 there tc offered a graphical method of detéirninotion parvanetess oi 


the ellipse of probability using a special plotting board and formulas (41.9) and 
(11.44) at distances, were bearings can be plotted in the form of straicht lincs 
{see Table 42,1). 

The method is as follows, 

Let us assum: that as a result of plotting tearings we have found the center 
of probability 9 (Fig. 11.48). Let us pass tc UO from the point of location of the 
radiy direction finder (RDF) , line of bearing (RDF) ,0 at angle 8, to meridian OM, 
We pass 4 second line (RLF) 5K at angle o4 to line (RDF) ,0. We place at O & trans:. 
parent plotting board with rectangular axes, where axis OY is matched with the meridian 


at 0. We mark the points a4 and bs of the intersection of line (RDF) ,K with axes oY 
of the plotting s:1ard, 
From Fig. i..ia tt follows that 


Dye; OL, Oa;: = fe an and 0Ob,= ae 
’ 1 


4 
Axes OY and OX on the plotting beard have scale with calibrations ——--, and 
or)* 
4 ( 
(ox) correspondingly, where in tne denominators are lengths in the scale of map 


being usec, 


Therefore, readings on exes of the plotting Loard will be 
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We add readings on axes of the plotting. 


board for all radjo direction finders, Then 





ae 


a a a 
ee, ¥) Obj = A and 1 F 00,0, == 8, 
= fui jai 


where A, 3B, and C correspond to formulas (11.2). 
Sign for B fs shown on the plotting Loard,. 

Finding A, B, and C, it is posnible to cale 
culate ap, by and y from formulas (12.44) and 
(11.9). 

The plotting board is shown in Fig, 14.4b, 

It is possible to characterize linear error 
by the mean quadratic value. In this case it is 
called by circular error of plottiniz (R). By 


definition 





“ 
ne | er (44.15) 


Fig. 14.4. Principle of use of 
& plotting board for determinas 
tion parameters of the ellipse where p ~ radius, from center of ellipse of 
of probability: a) diagran of errors}; 

plotting on map; b) form of 4 


plotting board, @ ~— angle of radius with initial line of 


reading, e.@., with the major axis of 
the ellipse. 


Let us rewrite (14.15) in the form 





R= Lfehet-teyee]. (14.45") 
: e 


where 4 and 85 — conjugate radii of the ellipse of errors, 


Let us replace in (11.15') [1.17] 


$38 r) 2 
8 +3, =, +6, 
and substitute for aj, by expressions (11.8). Then 


RaV Lat +e) =V— md — Pa) V5ate ; (414.16) 
Saas 
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at = in(t - Pyyy) = 1, circular error 16 


Rx Ate (11.17) 


Integral probabllity of mean quadratic linear error Ky for 8, = by cofncidas 


with integral probablilty Pay 


Pou e 63.0%, 


1 of elliptic crror, and according to Fig, 11.2%, 


For other ratios — integral probability of circular crror Ro increaces some- 
QO 


b 
what, and as —— O it is equal to 68%. 
9 


Below there are eiven values cf integral probability of circular error Rigg 
bd b 
{in &) for various f for extreme values ~2 = 1 and «= 0 
Ro ap a 





Table 11,2, Integral Probability Ryy,, in % De- 
b y 
pending, upon a and x 
0 (0) 
‘ 0,3 8 5 1 
R ; F 0, 1 t, 2/25] 3 





For two radio direction finders from general expression (11.17) for R, we have 


R,=0,01745 Yo ei0t +6304 (14.48) 


sia a, 





where 4 and Cy are expressed in degrees. 


Let us return to expressions (11.2) for coordinates of the center of prob- 


ability; we shail find a methos of calculating them, First we determire the point 


of intersection cf bearings from any two radio direction finders, for instance, 


(RDF), and (RDF),.. Equations of lines of bearings we obtain from Fig. 11.2: 


2; -4-x 00s 0; —~ ysin & =0, 
Pat.ccos ',—ysind,=0. (44.19) 
Coordinate of points cf intersection of bearings from (RDF 


)y anc WF )y from 
(11.19) will be: 


sin B, — p, sin 
£ a = Py sin 9, 4 
= 2 $60 0, — -sia 06; co; COs By | oy Fis 


a sing 
ta Hone = (11,20) 
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Let us introduce fur characteristic of the weifht of the point of inter- 
section of tae jeth and k-th bearings as an estimate of the welght of mamnitude 
Mie the inverse of the square of the area of the unit ellipse of probatility, ob- 


tained if the radio station is fixed by two radio direction finders, tie j-th and 
keth: 


a® 
ie eer 
: fi mT , 
where Se22 je 7 aren of unit ellipse of probability 


ER, 
Senate 
5 — angle of interseetion of j-th and k-th bearings, equal to 3, = O53 
sat (0, — 8)) 
Ry= = (14.21) 
We obtain from formulas (11,20) and (12.21) products XK ™ 4k and Y 5K™ Hk 


Ana ae 1 (pusin 0; — p) sin $,) sin (0, —6,), 
IWR ig = cna — pcos 4,)sin (8,-— 6,) 


It is possible to show that 


& 


a 
sin 8 = cons 
Fp fpenenn fpnnngeeon 
Laat 


+ fut 
a a A 


a ves (11.22) 
ola f 


y y mina y rts =") 4C— Br, 
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where A, B, and C are determined earlier and are expressed by formulas (11.3). Com- 
paiing expression (14,2) and (11,22), we arrive at the conclusion that coordinates 
of tne center of probability Xu Yo can be calculrted by formulas 
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Formulas (11, 23) are analogous to formulas for calculating, the center of 


4 
+ 
A 


@ravity of masses MK? located at the intersection points of lines of bearings, 
Thus, coordinates of the center of probability Xo, yy, can be defined as 

coordinate of the center of gravity of the figure of flying, abcdef ... (Fiz. 11.1), 

at vertices of which are placed masses M5 (11,21), characterizing these vertices, 
For two bearings the center of probability coincides with the point of fntere 

section of bearings. 

) For three radio direction finders masses of vertices of the fixing trienrml« 


will ve; 
ma eet ’ m= per? mu pier 


or, multiplying numerators and denominators by identical factors, it is possibis 


to write them otherwise: 
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Cancelling identical denominators in expressions (11,24), we obtain fcr massee 





2 P 
M5 = D} o; Sin’ a,, My, = D; o, sin*a,;, 


(11,25) 
Ma, == Di o} sin’ a,,. 


Graphic determination cf the 
i YY center of probability for three 

\ / Whe bearings consists in finding the 
K k Kh rs point of intersection of straight 

ce lines, drawn from vertices of the 

VMK 4 

4 £ f fixing triengie sv that opposite 
Se ahe ; x KK f, al sides are divided by these lines 
* rand a 
ok nhing’ 2 into segments, inversely preportionsl 
pa i a OS oe to masne. of the vertices, adjacent 
* <x to cides, 


In practice we usually mark 


Fig, 14,5. Construction of centers of prob- the center of prevability intul- 
ability with three radio direction finders, 


tively, proceeding from the position 
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Fig. 14.6. Construction cf ellipses of protability for the case of a ia 
mean quadratic error of 2° and Poy, * 50%: a) two radio directicn ‘4 
finders; b) three radio direction finders at vertices of rignt-angic 14 
triangle; cy} three radio direction finder at vertices of an equilateral ty 
triangle, if 
If the center of orobability 1s found and Ao» b> and ‘y, are calculated it is it 
' t4 
possitLie to construct the ellipse of probability graphically. : 4 
In Fig, 11.5 typical examples of constructicn of centers of probability are F 
shown for the case of three radio direction finders, located at points f, L, M where . 
fu 
7 ie 
SD i ia il ae fs 
In Fig. 11.6 are given constructed ellipses of probability for several cases - 
of distiibutdon of radio direction finders (11,6), id 


Calculations of the vunter of probability, dimensions of the ellipse of 
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/ol? 
probatility, and ortentation of the major axis o* the ellipse are given for the 
case of flat ground, i.,e., at distances from the radio direction finders up to 
500-800 kr, With greater distances it 18 necessary to allow for curvature of the 
earth, Equetions of lines of bearings must be modified accordingly. 

Ir the lines of bearings are plotted on a map taking into account curvature 
of the earth and we obtained a fixing figure, then the center of probability end 
parameters of the ellipse (or circle) of probability can be calculated by the 
presented theory or by the described graphical method. 


41.3. Region, Serviced by Two Radio Direction Findera 
Let us determine boundarles of a region, within which linear error of direction 
finding with required probability will not exceed a given value. The area inside 
the boundaries of this region is called the working zone of two radic direction 


finders, 


For a given probebility the maximum distance at which an object of direction 
finding een he located from ite most provatic pusltiun, 46 Le mayor Bbemlaxis ol the 
ellipse of probebility, 

Thus, determination of the region of direction finding for a given maximun 
linear error is reduced to finding the region where the major semiaxis of the 
ellipse does not excced the given linear error. ; 

For calculation of semtaxes of the ellipse of probseotlity and the angle of 
orfentation of the major axis in the case of two radio direction finders we use 
formulas (411,10) and (11.11). Fox simplification of calculations it 18 conveniently 
to introduce these paraneters (Fig. 11.7): @ — angle between median ON of ijne 
(RDF),, (RDF),, connecting the direction finders, and the line (RDF), (RDF) 4; Oi 
length of the median. 

Let us designate (RDF),(RDOF)p = 2D, ON= m. (SiF),(RDF)5 18 called the gonin 
meter base of the two radio direction finders, 

Area of triangle (RDF) 4,0 (RDF), is determined by expression 

DB, Dysine 2mDst 
whence a - a wae 
sin a7" sing. (44.28) 


Fron triangles (RDF), Chi and (RDF ) ,0u it follows that 


(14.27) 


madera 
Dj = in" +p" —2mD cos 9. 
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Sabet itutday in forsalas (it,2 ) canrenet ac (24.0-) and Cf2.e7) and Introe 


ducing cestlenatiun eo as, we ttatn the folluwitue equality: 
a 


ama 2i/—1a(i — 2) Deo, X 


x) eee (44,75) 


MeU— / (Te 4 Uy? — 16( J) etetare 


re [(5) + 1] (h-be%), 
Vente coup (! — e*). 


where 


Frum expresotons (14.25) tt follcess that when ¢ « go” the formula for the semimajer 


axtc of the ellis-ae tanked tne form 


a, 2Y—In(i —P,) er, x 
oD 





V (wt Dy (1 bet) — lint Dire! 
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$ 
e=VY—ini-F,) eat™, (11.29) 
when Doo in, eid 
a= /—in(l—P,) 3 mtn (14.26) 


when tu > D. In all these formulas oa, as 
and o, are expressed in radians, 
When 9 = 90 and mse D, t,e,, the 


point cf intersection of bearings is at 





the distance of a semibase (lengtn of the 
Fiz, 11.7. Construction of the ellipse : ; 
of probability. base is equal to 2D) from both radio de-~ 
rection finders, then from (11.29) 1% 


follows that 


@,>+6, ==2'/—In(l — F,) 3D 
and the ellipse of probabtlity turns into a circle with radius 2y—In(i — Py) aD. 


This case corresponuc to minimua lincar crror 


Gy wax == 2 /— In (1 — Py) oD = 0,085 /—in 1 -- PF) 2D. 
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When me eb, i.e., for a point being an identical distance from both radio di- 


rection finders, equal to the length of the base, 
a,=5 Y—In al < P ») 3D = 2.5a, slige 


Let us consider methods of constructing the working zone of two radio direce 
tton finders, 
Let us designate the maximum permissible linear error with probability Poa 
given by conditions of operation by AL, 
The condition for finding the working zone of the direction finders will be 
Aig 3 AL for the given valucs of Pear’ go, e, and D. 
We introduce in formula (14,28) such a parametcr Q that 


0, = 2Y'—In(l—Py) DerQ =. (11,31) 


In tnis formula 





m\t 
_ aa costs 


if 
Qat iad ye hase ae 
: y/ m Baie (a) +1 }-(3) sin’ 


(ei ; 
(44.52) 





when O, ™ On = C5 
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(41,33) 
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when 0, = Cy Cy F 80, 


For given AL and Pei’ and also o, e, and D, for the considered radio 


er Tt. 4 eee 


direction finders it 18 possible tc calculate by (11.31) Q, which depends on q, c, 
and S Knowing Q and e, it is possible, using (14.32) or (14.33), to calculate tir ; 
Gependence of 5 on » and to obtein initial data for construction of working zoner 
of the two radic direction finders, 
For construction of boundaries of the working zone of direction finders one 
should: 
— to line (RDF), (RDF),, vonnecting tne radio direction finders, pass medians 


| es varivus angles «}; ' 


- on medians CA plot segments m, 




















ee ee 


direction finding, 


02° 


Obtained final points of medians determine boundarics of the working 2one of 


If cei, i.e., accuracies of both radio direction finders are identical, then 


vounderies of the zone are symmetric with respect to the perpendicular to center 


line (RDF), (RDF) 93 therefore, for angles @ and 180° - » we obtain one and the value 


of o If e pf 41, i.e., accuracies of radio direction finders differ, the curve of 


the working zone is asymmetric, Fcr every value of » there are two values; + and 


“m, bounding on two sides the working zone of direction finding. 


To facilitate calculations we give Tables 11.3 and 14.4 of values of Q for 


various a5 and » when e » 1 and e = 2, calculated by V. V. Shirkov [14.2], 


Table 11.3, 


Case of Equally-Exact work of Direc- 


tion Finders (e = 1) 








a 
“ 
Date |B | ath 
0,04 13,6 7.08 | 5.01 
0,1 6,69] 3,51 | 2,53 
U,2 BCD T 874 2 
0,3 1,88{ 1,17 | 6,98 
. 0,4 1,19] 0.9% | 0,.8 
0,5 0,99} 0,97 | 0,92 
0.6 1,34] 1,14 | 1,06 
0,7 2,00) 1,43 | 1,26 
0,8 2,82| 1,81 | 1.52 
* 1,0 4,83{ 2,79 | 2,20 
1,2 7,22) 4,01 | 3,06 
1.4 10,10} 5,47 | 4,09 
1,6 13,34] 7,15 | 5,27 
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Value of Parameter Q for 


During construction of the zone for 
unequally exact radio direction Viaders 
one should consider that (RDF), in the 
more exact radio direction finder and 
that angles @ should be plotted from 
C(RDF),- 

With equally eaaci radiv Giresvicn 
finders the maximum range of direction 
finding, or least error for any distance 
from the middle of the line of the gonio- 
meter base, is obtained along the per- 
pendicular to the middle of the line of 


the goniometer base, 


It is possible to construct boundaries of the region of the working zone, pro- 


ceeding s‘rom obtaining on the boundary of region of the piven mean quadrati? lincar 


error. 


Table 414.4, 
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Value of Parameter Q for Case e = 2 


i*2] 
WNBA HVN——H— HH 


30] 6,70 
33) 3,62 
42; 2,03 
89] 1,67 
0734 1,62 
8515.73 
097 1,95 
47) 2,26 
«96 | 2,64 
.16/3,58 
6544.75 
.27 16,07 
40) 7.76 








5,89] 5,601 5,70} 6.28] 7,69)10,6 (20,5 
3,11 |2,9212,9113,1215,66] 4,8) 9,32 
1,8!) 1,67] 1,59) 1,6011,74] 2,18] 3 99 
1,5111,971 1,241 9,048, '6| 1,321 2,04 
1,48) 1,30) 1,17] 1,00/0,54] 0,99) 1,21 
1,59) 1,4111,22) 1.0010.92) 6,971 0,93 
1.78! t,6411,3911,19] 1,10} 1,16) 1,36 
2,06) 1,8511,6411,4711,401 1,521 2,09 
2,38} 2,1611,95] 1,8014,791 2,001 3,05 
3,18|2,93)2,73] 2,64)2,75) 3,29] 5,53 
4,26 | 3,91(3,72|3,5413,991 5,00| 8,72 
5,46 | 5,00] 4,80] 4,90|5,50} 7,06/12,69 
6,68 /6,46]6,23|6,4317,25| 9,49/17,29 
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For mean quadratic linear error of two redio direétion finders we obtained 


R= v Violy + ony (4, and a, in radianc) = 


= V De a+ D,% (9, and Sp in degrees), 





If we express Ry depending upon m and q (see Fig, 14.7), for oe 
the formula for R, will take form [11,3] 


q™= %o™ 9 


In order to construct the boundary of the zone of direction finding, for which 


mean quadratic linear error Ry will not exceed a given value AL, 1.e., Ro 
we use the series 


¢ AL, 
of curves of Fig, 14.8, on which there are depicted dependentes 


Bp = f (ars) for various values of g. Minimum error 4Lvin ds obtained at point 
Qs 90°, m= O.7D, where A, ™ 109°, Olin =z 0,0325D, o in degrees, 

Frequently for the line of the working zone of direction finding we take two 
edreles with radius OD, passing through asrection finders (RUF), and (RUF) 5. AT 
all points of these circles bearings cross at angles 30° (external circle) and 150° 
(internal circle), 


Calculation shows that linear error for boundaries of the first circumfercnce 


in its central part is approximately equal to 745 mins linear error for boundaries 
of the second circle 18 equal to 2a 









O min’ 

a In Table 11.5 there are calculated linear errors 
rid a fcr the central part of circies of various angles of 

1g lend Ht wi 

pe 4 intersection of bearings. 

aC eae PY Fil 
is Corer In Fig, 11.9 there are constructed for two/di- 
4201-1 Masa" rection finders contours of zones of direction finding 
au 

an on the boundary of which there is observed constant 
hee 
an 


maximum error (8 — semimafor exis of the ellipse of 
“5 probability) or constant mean quadratic linear error 

: (Ry — cireular error), On the same figure there are 
Fig. 11,8, Dependences of 


0 ‘i drawn neighborhoods of constant angles of inter~ 
BoP on for various values 


f 
of 9. section of bearings (a4, = const), 


In the described calculations 1t was assumed that mean quadratic errors of the 


radio direction finder kept constant witiuin limits of the whole zone of direction 
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Table 14.5. Linear Errors 


®5 min 
of Intersection of Bearings 


Angle of intern : . 
“Pavction of bears] £0 ané 150 45 and 160 | t0 end f70 | 2.5 
ing@, dacrees 


GlQy ane i 2 | 3,4 





for Various Angles 












finding. In fact these errors vary with diatance, and when we allow for this con- 
etrucction is considerably complicated, 

If direction finding is carried 
out on medium and long waves, the 
mean quadratic errors ere kent approxi~ 
mately conetant for the whole working 
zone, There are limiting distances, 
beyond which direction finding becomes 
unreliable, Therefore, after con- 
atruction of the working zone by nean 
values of mean quadratic error one 


should sketch around each radio direc- 





tion finder maximum regions of direc~ 


emeew Lines of identical raxioun 
errors (a, ) 





tion finding, beyond which direction 


swema Lines of sdertical mean quadratic finding becomes unsatiifactory, and 
{near errors (A, ) 


cmmtem Lines Of identical angles of 


thus cut off areas which are beyond 
imersection of bearings (q 1.) 


the boundaries of these regions, 


Pig. 11.9. Zones of radio divection finding 


for two radio direction finders, With direction finding of short 


waves 1s possible to speak of varying 


angular mean quadratic error at various distances from the radio direction finder, 
Most simple will be the following characteristic of direction finding: 

— ata certain radiue r direction finding 1s impossible (zone of Bilence); 

~ at distances from r to Ry radio dfrection finders work with reduced accuracy 
characterized by of (zone of etecply incident waves); 

- at distances trom R, to Ro radjo direction finders work with normal accuracy, 
characterized by off, 

With such assunpticas for determination of the region covered by two radio di- 
rection finders it ie nececuary to constrict conse of direction finding for the 


following concitions;: 
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Fe 1) both radio direction finder work with identical accuracy a'j a 
5 . 2) both radio direction finder work with identical accuracy afty i3 
Pi 3) first direction finder has accuracy, characterized by of; and the second, a 
Re characterized by o!!; r 
f 4) firat radio direction finder has accuracy at'; and the second, accuracy o!, Hi 
a Furthermore, it i8 necessary to construct circles with radius r and Ro» i 
bo serarating zones, within which direction finding is impossible, } 
iS : As a result of such construction we obtain a region of complex outline, some- i 
as" ‘ times embracing several sections, not interconnected. Individual curves of arcs, iF 
ni vounding the region, intersect at acute or obtuse angles, i.e., there 18 not a amcoth I 
¢ trenaition of one curve into the other, This is caused by the fact that there is 4. 
ia Allowed intermittent change of conditions of direction finding. In reality condi- if 
. tions of direction finding vary smoothly; this permits us after construction to | 
: somewhat round sharp transitions of one curve, bounding the working zone of direction 
‘i finding, into another, 


oe) ee ay 


When situating a group of radio direction finders for servicing a certain region 





it 4s necessary to take into account requirements or obtaining permiss#iopie iinear 


ok es EO 


error and normal passage of radio waves from the regions to radio direvtion finders, 


EE 


For more on situating of a group of radio direction finders see [414.1]. 
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Chapter 12. : 
3 
LAYING OF RADIO BEARINGS ON MAD AGeeiee®, z 

12.1. Oriantation of radio direction finder. 

\ 


Grounrd rcaiioa direction finding stations are estadlisa/installed 


and orient so that the reading would be obtained equal t2 zero, when 


wetetatttdhades ead daa ot eanit dad ida 


the oriented station is located in tha direction of trua iorth. In i 
any Other direction the bearing will give the angle of this 3 
: direction, counting from true direction north - south slockwise, 
i.e., the true bearing. before the separator of its beariig it is : 


he 


necessary to corract to the value of radio deviation which is taken 


from tables, 
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During the iastallation of stationary radio dirastion finders, 
they use precise jeoletic instruments. Mobile ground-based radio 
direction finders it is required to orient after each installation. 
In appendix IV, are given the easiest methods of detacaziaing the 


direction of true north. 


In mobile station (ship, aircraft) the scale of jirattion finder 


‘is oriented so that the null reading is obtained in X dicection and 


readinys are coniucted clockwise (heading/course angl2). For a 
separator on nap/cshact, it is necessary bearing to convert for true, 
i,e., counted off from the direction of the true meridian. As can be 
seen from Figs 12.1, true geographical radio station baarings (IP), 
iee., counted off from the line of true north, are eyual to the sum 
of the counted off radio bearing (y), raiio heam deviatioas (f}, the 
compass heading (KK), compass error (AK) and magnetic declination 
(4M) 


HIT= 94-4 KK--AM4 AK, 
Page 599. 
The »sbtained thus truc bearing gives direction from ship or 


aircraft in radid station; with the laying of bearing fron radio 


Station, one should take reciprocal bearing. 


From the jivan formula it is evident that the accuracy of 
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70a 
bearing d2penis on the accuracy of compass and accuracy 3£ the 
determination of Jeclination and deviation. Furthermoc2a, s0 with 
running speed is always possible its divergence from zsourse of 1-29 
{but sometimes ani is more), it is necessary to simultanesusly count 


off the compass heading and radio bearing. 


1242. Short inforrnation about map/charts. 


For the imajy2 of the Eartn in pla..e, are appliei ilivarse 
cartographical projections. As a result af the globularity of the 
Earth, its image 2n plane is always accompanied by the 4istortions of 
one or the other yeometric clements. Are utilized at prasant the 
diverse forms of sartoyraphical projections. IS given o21l9w the short 


information about the most widely used forms of map/charts. 


The projection of Mercator 15 related to the discharge of 
cylindrical projections and possesses tha following proparcties: is 
isogonal {confornal), ieee, transmits witiout distortion anyles and 
the form of small] figures on the carth's surface; orthdjo.1al, i.e., 
the grid of meridians and parallels mutually perpendicular; 


loxodromis, i.2., the line, which intersects at sphere meridians at 


constant angle ({loxodromic curve) is depicted straight line. 


sit 


ry 
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jor 
- 
; Last/lattar groperty is especially valuable for navigation, 
since provides the possibility of the laying of the canpasss heading 
in the form of stcaight lines. The map/charts of Mercator are 
fundamental navigation charts. 
i 
ma 
| 
4 
| 
\ 
{ 
re I 
| 
| 
Fig. 12.1. Translation of Learings. 
\ 


Key: (1). The trua bearing. (2). Ihe true course. {3). Tha compass 


ool heading. 
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Gnoadnic prajection ~- promising, is the Erojection of sphere 
from its center 21 tangential plane. Its most important property, 
which are inherent only in this tours of projection, 4¢ os¢thodromisn. 
All arcs of tha great circle on sphere (arc of great circle) are 
_depicted on gnomonic map/chart in the form of straight lines. This ae 
property is very important with the senarator of radis baarings, 
since electromagnatic waves are propigated on the shortest distance 


between two points, i.@., On are of great circle 4, 


FOOTNOTE 1. Divecyences from the shortest path during caldiowave 
propagation are examined in chapter 6 and are relatel t> the errors 


of direction finijing. ENDFUOTNOTE. 


However, angles in gnomonic projection are transmittad with 


distortions. 


The valu? of anyular distortions depends on distance of point of 
contact of tangency (center of the projection of map/chact) and is 


determine] by tha tocmula 


tgu’=cos C tgu, (12.1) 
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, where a is true azimuth; a' - its image on map/chart; © is the zenith 4 
a 
distance of the print in question from point of contact 9f tangency. Z 
; Z 
3 
3 
With small zenith distances (C < 209), it is possibl2 to use thea a 
approximation foraula os 
C Con Vb = 
z A=s@! --a= = Hg77 sin 2a == --- 0,353 ae) sin 2a, 





42,2) Spas. 


At the given point the error depends only on azinath a. It is 
possible to constcuct at the given point azimuth dial/lima taking tha 
correction into account. Pot zenith distances less than 13% (c < 1000 
km), error dues not excecd 0.5°. 
5 
International map/chart of scale 1:1,000000 is canstracted in 
polyconic projection. On each sheet is reproduced the surface between 
two meridians, which differ in longitude by 6°, and two paraliels, 
which differ in Latitude by 49. This map/chart within tha Limits of 
one sheet can be sonsidcred as approximately conformal ani 
great-circle: tha dist -rtion of augles does not exceed 7* on middle 


latitude. 


Page 601. 


Due to tha properties of polyconic projection during tha sompound of 


bh emeccccdec! oust acRSnM Sie ott hu dente ed oan ade ti i Sh he Pate, cad brunb ibis batmiond cna win uitbanstebace ouisell & stalls oblate ate. acta 


4 
re 
va 
a 
' 
H 
‘ 
i 
al 


cba 








poc = 77223226 PAGE 
/03° 


four sheats betwaan them are obtained disruptions. 
The topograpaic maps of scale from 1; 25000 to 13500,000 are 


comprised in conformal projection of Gauss. The distortisis of angles 


and divergence of arcs of great circle from straight lin2s within the 


" sik AR ad aiid ba do ell roe wabhlas 


limits of map/chart are imperceptible. a 








5 a 
Besides the enumerated and entered the universal us@ map/charts 

A 

for the laying of radio bearings, can be created the spasial 4 

map/charts, whicn provide the image of the accs of great circle, 3 

which proceed from the points of the standing of radi» dicection 3 

“a 

finder, in the form of straight lines, in this case are catained trua 7 

, angles. This oroperty can Fe provided not more than at tw2 points of x 
* ey 
map/chart. A dafisiency/lack in such map/charts is the absence of the 3 
universality: for each pair of points, is crequired special map/chart. 4 

Frequently is utilized not two, but larger number of dJicattion 4 

finders in group. 3 

4 

4 

a 


12.3. Layiny of cadio bearings on map/chart. 


Arc of great circle is depicted on the map/charts of Mercatoc as 


curved line. Lat in Fig. 12.2 point O designate the position of a 





ect auanastohels i oc bbs, tess kde ral Rite schoo acct sith atantncet BH te a eee 
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fs jos! 3 
ie ship on tne map/chart of Mercator, point S$ - the position of the 3 
bs oriented transmitting radio station, line CO - the true meridian, “a 
b. passing through point 0, and CS - the true meridian, passing through ; 
: point S. The straight line OWS at an angle a* is loxodromic curve, a 4 
a arc of great circle (arc of the arent circle) will be iapicted as “4 
i" certain curve OVS. Radio station is oriented by radio direction FE 
be - finder on vessel 3 at an angle a. If we lay on map/chart from point 0 4 
ee straight line at an angle a to meridian (tangent to ars of great 


circle OVS), then this straight line passes not through point S, but 


at certain distanze from it. 


doleastbter lb i sail 


toditestialachaimsinasd tential at iow abacus dotted 2b: is & See 


With the small ranyes of laying the curvature of arc of great 
circle and difference between angles a! and a are so small that it is 
possible directly on map/chart to run the radio bearinjy, zalculated 


as is shown above. 
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Piue 12.2. Arc of great circle and loxodromic curve on tny32 map/charct. 
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of Mercator. 
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4 
be ‘age 602. 3 
ms 28 a 
i 4 
xg: .. 7 at 
id Tables 12,1. Maxinum distances for laying without great-circle i 
{ A : ay + a Eg fe * ; 
t: 2 correction. . = 
“Pou 3 
y Op ee Cog ey oo te (as Cpeauan uupora.epq9 : 
os ae ee ee ee ee eee 
. = (37, Upraraunne piceronsun, site RY 
a | | tj : 
‘ "| 0° 180° | : 
“i ee ae ee 4 
+B | a 
te r 
ae 10 $170 | 190 | 350 | 56 | 84 | 110 | 140 | 167 | 196 | 294 | 280 | 334 | 490 | 545 | 7971 1130 | 2289 4 
ol z 
“| 20 | 60 | 200 | 340 | 28 | 42 | 56] 70} 84] 981 112] 140 | 168} 210 : 293 ) 376} 368 | L140 E 
iH 4g 
ee 30 | 150 | 2t0 | 339 | 20 | 29 | 39] 49} 59] 69] 79 | 98 | 118 | 147 | 191 | 260 | 395 | 800 : 
+a 2 
: 40 | 140 | 220 | 320 | 15 |23 | 30] 38] 46] 53] 61, 76] 92] 114] 148] 200] 307 | 620 : 
won ‘ 
: | 50 | 130 | 230 | 310 113 119 | 26] 32] 38] 45; 51} 64; 76] 96] 124] 170] 95% | 520 . 
60 | 120 | 240 | 300 12 117 | 231 29; 38] 41] 47 | 70 | 87 | 113 | 154} 235 | 470 
| 
- 70 | 10 | 250 | 290 | 11 | 16 | 21] 26] 31] 36] 42] 52; 62] 78] 192; 137] 210 | 420 ; 
80 | 100 | 260 | 280 | 10 , 15 | 19] 24] 291 34] 38] 48] 58 | 72] 94] 1271 195 | 390 : 
. H 4 
90 270 9 | 14 | 18| 23 | 28 | 32 | 37| 46} 56] 69! 90 | 122 | 187 | 375 ; 
‘ i 
_ 
- Key: (i). Direction on radio station, deg. (2). Middle latitude, : 
| deg. (3). Maximum distances, miles. 
l ; _ . REE = a, aes —. = + seca 
Des Ain eS alee eo. e 
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Page 603. 


“Table 12.1 gives the maximum distances at which is possible the 
laying of radio bearings on the map/chart of Mercator in the form of 
straight lines without corrections. The difference of anjyles a! - a 


at these jlistances does not exceed 0.3°. 


With distances, exceeding indicated by table, it is 1ecessary to 
consider an angular difference ¢ = a’ - a. This differensa3, 
approximately 2qual t9 one-half angle of the convergence of meridians 
6, he is called jreat-circle correction. It is designed from the 
formula 


t= 5 =F tg ysin gm, (12.3) 


where y is differance in longitude of direction findar ani oriented 


station; 
mttt!:. their middle latitude. 


Table 12.2 sasws the signs of correction for diffara2at middle 


latitudes and th2 location of transmitting station relative to 
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direction finier. The sign of correction is given in tidl2 such, that 
cerrection must b2 algebraically addded with this sign to the true 


Cadio beacing IP in order to obtain ioxodromic bearing. 


From formula (12.3) it is evident that the great-cicsle 
correction the lesser, the lesser difference in longitude and middle 
latitude. Thus, it is equal to zero, when direction finiing is 
conducted on nacidian or when direction finder and the oriented 


station are equally removed from equator on both sides its. 


Tables 12.2. In the calculation of great~circle correstioa. 











= ae ——+-+-—_— 
(! ) Cpeannn Pacnonomerne | ayaK nonpis- 
te peanwure il 

mayere Ladies mM 
(4) Cenepuan 3) K sanany | ~ 
ce Cepepnan 5) K soctoxy + 
O)1Omsaa Ss K sanany + 
er lOmuan eK soctony ~ 


Key: (1). Middle Latitude. (2). Location of transmitting station. 
(3). Sign of corcaction. (4). Northern. (5). To west. (6). To the 


east. (7)- South. 


Page 604. 
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Por deternining jreat-circle correction, it is necessary, at least 

approximately, t> know besides the position of transmitting station 
also the position of vessel (this approximate position 2f vessel must 
| ‘be known, also, for determining compass bearing). In the first 

approximation, it is possible to count that the unknown place 


lie/rests on the line of loxodromic bearing. 


If the obtained location of vessel considerably Jiffars fror 
that which wasS assuming, it is necessary to convert for a second tine 
bearing, after taking into consideration the new valua of the 


Magnetic jeclination and correction. 


During the use of othets except mercator map/charts for the 





separator of radio bearings up to small and average distances, is 


permissible direst separator without corrections within the limits, 
indicated in § 12.2. At large distances from point of soatact of 
tangency on gnamonic map/chart, must be taken into account the 

‘ correction for th2 distortion of angles (12.1). An international 
Map/chart Should oe utilized within the limits only of 212 sheet. At 
very large distanzes (on the average more than 1000 nautical miles) 
the separator 9n nap/charts of any type no lonyer is not sufficiently 


precise. The map/chart, which contains both points (dirasttion finder 


ee ee 
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and the oriented station), extra-fine scale, and deteraination is 
obtained imprecise. In these cases they resort on the calsulation of, 
problem of which is to apply to map/chart near the unknown point the 
small section of the arc of great circle, which corresponis to the 
obtained bearing. Bearing can be considered as direct/striright on 
map/chart aay S08 cut. On eho basis of the approxigate position of 


the unknown point, we are asSigned by its latitude op. ani va 


determine the lonyitude yu of the point of intersection of arc of 


great circle with this latitude by the formula 


cos (y, — p) = te hte, (12.4) 


where 


sinh =sinacos ¢,,; 
tego =ctgacoscc #,; 
@-— HCTHHHDIT nenenry (1) 
;, — WNpoTa pannoneneuraropa; (+ ) 


Y_-~ Aourora pannoneneuraropa; (3) 
T= Ty Yar <> pasiiocth josrot. (4) 


Key: (1). the tru2 bearing. (2). the latitude of radios direction 
finder. (3). longitude of radio direction finder. (4). iifference in 


longitude. 


We further find the slope/inclination of arc of great circle at 


the particular point: 


nena) Ae — (12 5) 4 
bp ~ cos? y,, sin (¥,-— 4)‘ ats : 


‘dle doe 
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On base map, w2 cacry out straight line with the obtainal 


slope/inclination through the point qa. Ya. 
Page 605. 


This straight Lin? is the line of position of the oriantai object. If 
there is a seconi line of position, theic intersection d2termines the 
position of object and its refined coordinates g », yo The second 
approach/approxination can be obtained by the repetition of 


calculation on th2 basis otf the new value of Latitude 92. 


During the use of several bearings, the described construction 
makes it possible to determine the ellipse of error in assordance 


with § 11.2. , 


12.4. Automation of position finding. 


The simplast automation of position finding consists in the 
automatic separator of bearings on map/chart according t5 the data of 


radio diraction finders. On transparent actual chart area from the 
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point/iteas of tha acrangement/permutation of radio dirastion 
finders, are desiyn/projected the light lines, which correspond to 
the true radio bearings. In the point of intersection 9f Lines, is 
located the fixed object. Laying is simplified, if in radio direction 
finders are utilized the dial instruments these which, tcansmitted 
into point/item saparators, they serve for control of the design of 
ray/beams. Is known the use of the equipped thus map/chacts with a 
size/dimension of 100 cm X 100 cm for the maintenance of airfield. 
The lines of radi> bearings can also be designyprojected from the 
screens of the cathode-ray tubes of radio direction finiers or their 


repeaters to larja-size map/charts. 


By the more advanced method of separator is the iutonatic 
separator of bearings electronic method on the screen of Lhe 
cathode-ray tube on which is plotted/applied the actual chart area. 
In [12.4], is 13232ribed the similar tube with a size/dimension of 40 
cm X 4O cm with afterglow on which the signals, obtainel from six 
direction-findinj point/items, removed from the center 9f processing 
up to distances t> 60 nautical miles (2 groups on 3 radio direction 
finders), automatically are processed in line of bearing. Operator 
can apply the sevanth line for determining the course of aircraft for 
any objective. Tha imayes of bearings design/project for the large 


screen with a siz2/dimension of 1.5 m X 1.5 me The design of radio 


beacings is realized by successive reproduction of lines of hearing 


whl Lig 
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whose directions automatically are established with freguancy 400/7 


H2. 
Page 606. 


To run heariags in the form of line and to determin2 the place 
Of object on the intersection of lines is possible only at small 
distances from ralio direction finders, thus far arc of the great 
circle can be approximated by straight line. For the automatic 
determination of the coordinates of the fixed object at airy distances 
from direction fiaders, it is possible to use electronic-somputing 
digital computar. Processing the results of direction finiing 


consists of: 


“1) coordinat2 determination of che points of intarsastion of 


bearings; 
2) the detecnination of most probable place of object; 
3) tae calculation of the parameters of the ellipse of 


probability (sizz/dimensions of semi-axes and their orientation) for 


the assigned prohability of determination. 


As tae basis of the solution of the first problem, can be placei 


4 
FH 
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the formula of ta2 calculation of azimuth (12.6'. For any two 





direction- finding point/items are known the azimuths f3c the 


objective (bearings) and the coordinates of the points of the 


Standing of radio direction finders. It is required t) calculate th» 





coordinates of tha point of intersection of the pair of bearings. 


Formulas foc tne calculations of the secoud and thiri tasks are 
i given in chapter 11. For their solution it is necessary t» feed into 


i the machine estinated average quadratic angular bearing 2rcrors. 


{ 12.5. Calsulatioa of azimuths. 


During the calibration of direction finder, it is rayuired, 
knowing the cooriinates of direction finder (?» %;) and transmitter 
: ht determine the true bearing (azimuth) of the latter for a 
comparison with radio bearing. This task it is possibl2 to easily 


solve, utilizing not only map/charts, but also the formulas of 


spherical trigonometry. 


The true bearing 4 and distance of transmitter C are 


determined with the aid of the formulas 
cte a, = sin 9, CLE Y — tk Pa COSY, COSCE Y, (12.6) 
sin C= cos @, COsec 4, SiN Y, (12.7) 
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ta where Y=-Y. —y¥, is difference in longitude. 

In the general case of any location of transmittac aid direction 
finder for determining the quadrants of angle a, it is necessary to 
proceed from the jepandences of spherical trigonometry. 


Page 607. 


One should add signs to latitudes and longitudes: to north latitude 





and eastern longitude plus sign; +o southern Latituda aati western 
longitude minus sign. Then one should deteraine sign ctg ag and use 


Table 12.3. 


During calculation according to formula (12.6) a difference in 


the terms can pass into sum, 


Reciprocal baaring Bp due to the nonparallelisa 3f n2tidians is 
not equal accurataly to value a - 180° can be determina} oy the sane 


formula, but witn the corresponding replacement of iniic2s. 
It is requicad to. determine Simultaneously direct/straight and 


reciprocal bearings, it is possible to use Napier anal djgi2s; 
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os ee 
a+ ate Cz ob 12.8 
w= ety G- (12.8) 
sin 5 
sin Laas 
p—c 2 xX 
a= a ee Cte gy: 
cos : 


Ubhence we obtain 


p—a« 








a 
a=tth_ pes (12.9) 
pa tthy bes (12,10) 
Ta 512.3 
4) Hosamenne nepe. | Se? {o) 
AATHUKA OTHOCH® | grag | Keanpanr a anasenne 
TOALNO HeteHtas | Cie ag neneura 


rope 








(7) K nocroky 
C7 K poctoxy 
ig/K 3anaay 
Ca K 3anaay 


te 1, a 

- Il, 180° —o, 
+ Il, 180° +a, 
— IV, 360° —a, 


Key: (1). Detecmization. (2). the quadrant of hearing. (3). true. 
(4). Position of the transmitter of relative direction finder. (5). 
Sign ctg age (6). Quadrant and the value of bearing. (7). To the 


east. (8). To west. 


Page 608. 
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r The Jistance between the direction finder and transmitter D can 
: be determined by the formulas : 
D,.. = 11C%, : 
a+b 4 
sin x 
C oe — Fr 2 4 
ig jig y-* ee (12.11) ‘3 
: sin y— 4 
or a 
aoe del 2 
C gett 2 7 a 
ig ar irae eae (12.12) 
Cos 2° 
Pormula (12211) is applied, when 9,.-4-? is small, wnile formula : 
5 (12.12) - when :-~ ?. is small. 
Page 609. 
Appendix I. 
1 
Calculation of th2 parameters of the framework. 
In the subseguent formulas it is marked: 
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L «+ the inductance of framework, wH; C are its 


capacitanse/capacsity, pF; S is its area, cm23; N - turn nuaber; 4 - 


(d = 2r - diameter of wire, cm; 
the length of wica, cm; g - the space of windingscoil, ate ~ the 


Natural wavelength of the framework, m3 £ are frequency, MHz; A is a 


Mb bcs soba, kcgpfcdacl tinct’ al lla 


wavelength, m3; p acre specific resistor/resistance, Q/cm; R - a radius 


of circular framawork, cm; a - side of square framework, =m; b is 


“width of Eramewore, cm; yp - magnetic permeability of material (is 


relative). 


1. inductance ot framework. Inductance of the singla-turn 


framework of any form 
4S 
L=92 (1a-jg ~ 0.15) 10-%, 
An error in this formula is not above 2-2.50/o with $/14d > 1000. 
With other relationship/ratios of size/dimensions, one should use 


particular formulas for the different figures from which Let us give 


twos 


the inductaacse of the single-turn circular framework 
8R 
L=4nR (in > -2) 10-4, 


the inductance of the single-turn square framework 


L=ta (is = ++ —0,71) 107%. 
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Page 610. 


The inductance of the multiturn circular solenoid framevork 


{/ us ie &R 2) | “Iss 
Lm 4nRN (In : +0,333) + (W—~1) (in aon aa ae 
- == 2RN (A, + B,) 107’, ; 


‘where A, and 8, ace the values, indicated in Table I.1 ani 1.2. 


Inductance 9£ the multiturn circular framework with the turns, 


arrange/located (in section) on the apex/vertexes of the cegular 


polygon; 
= R 8 
L nan {in 2 40,395 4 (N — » (in ~2)— ina! 1074, 
£ ® cm 
where re— a@ distance of turns from the center of section, see 


The inductance of the wultiturn square framework 


a ( 


a J N—ig A\ 
L = 8aN? ia (N—1) gt 02236 ae aaa 0,726 —(B + w)pions 


where A and B are constant, determined from Table 1.3 and I.4. 


Formula is used both to three~dimensional/space and to the 


flat/plan2 framework. In the latter case under a, it is racessary to 
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understand the averaye value of the side of the Sguare of turn. 


Tables I.1. 


| R 400 | 800 | 2000; 4000) 10000} 20 om 


A, 38,71 | 44,04) 49,82 | 54,16] 59,94) 64,38 











Tables I.2. 





ee, 








GiR 
N | 0.002 | 0.001 | 0,008 | 0.02 A 
- Suauenun Ayr? 





b om tae Toate 


= 35,2} 30,9] 26.5] 20,7 
G 7154.) | 132.4) 110.4] 81,7 
10 (255.1; 216,)1176.G} 125.4 


14 | 346,2| 289,9/ 939.5] 169.0 
: 18 | 429,8/ 355 ,0/ 281,5| 18910 ; 
“ 22 |507,71/ 415,31] 324,2| 212.4 


26 | 581,21] 417.2] 363.2} 230,6 
‘ 30 | G50,9 | 6234] 397,7] 243,6 


tr 
“wn 
N 


Key: (1). Values B,. 


Page 611. 
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2. Capacitanse/capacity of framework. The Capacitancza/capacity 
of the square framework | 


C=ul,a, 


where Cy is the cyefficient, determined on Table I. 5. 



























































Table I.3. Tables 1.4. 
ie ae = 
a a = 
7 A we A — 
i : N B N 8 
10 +0.557 0,18] —1,160 : 
’ 0,452 110,16 1,280 1 lo | 10 {0 7 
0/8 0.334 lo.t4} 1410 2 10,057! 29 O01 
0,7 0,200 fo.12 1,560 3 10,055 40 |o‘008 
0.6 | +0,046 10.1 1,750 fy 4 /0,049] Go |o/o0n 
9,5 | —0,136 j10,08 1.970 2 6 0,039! 100 {0/0033 
0.4 0,356 /0.06| 9/96 8 |0,032 : 
0,35 0,443 |'0,04 2,66 ! 
0:3 0,647 |0,02/ —3,36 
a) 
: 1,0 
Table re 
NT ca Oe i ny 
Key: (1). Lapgee w fa) 2 fa [4 | 6 | 6 | Bomuce 
f Cy | 0,031] 0,072 10, 19210, 129]0, 152| 0,167] 0,28 
A 
| 





5 10 15 20 25 $035 40 





Pig. I.1. Phase constant for calculation Age 
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3. Natural wavelength of framework: a) 


2) nn ti 


where & is coefficient which it is determined for fraaawork fron 


small turo number from Table 1.6, and for multiturn squara framework 


from Fig. I.1 with different b/a, designated above curves; where A is _ 


coefficient whose values are given in Table 1.7. 
4) naa Ve 
4, Resistor/cesistance of framework 
RR +Ru tRat Ro 
where Rk, is cadiation resistance, oha; R« is resistor/rasistance of 
wires, ohm; X&:» is resistor/resistance of dielectric lossas, ohm; As 


- resistor/resistance of losses in earth/ground, ohm 
A? 
Ry = 1600 <2, 


where 4% - effective height of framework, m; 


Ru = R Aika, 
el 
Ry a 


k, - is determined from Table 1.8 depending 9n value x = a.tuay/ Ht, 


x=107d Vi (for copper). 


























— 
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Tables 1.6 (jables I.7. 
rh aa a aR ET TE att ey TH 
Uneao Une Goce 
BUTKOB | 2 4 6 Be 4 5 | 10" 
_ | —— | ——. —— = 
k, | 2,3-2,8 | 2,753 | 2,.7-3,4 | 3,4-3,6 A VIB) LS | 18 
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Key to tables 1.5 (1). Turn number. 


Key to tables I.7. (1). Turn number. (2). and more. 


Page 614, 


At large values df x ky is determined from the formula 
‘F41 
att, 
Ke ~- the coefficient, which considers tha proximity 2ffect of wires. 
ke it is jeternined from curve/graph (Fig. I.2} depeniing on ratio 
g/d - space of wiading/coil toward the diameter of wir2. Figure gives 


two curves on the basis of different scurces. 


Tables 1.8. 
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PAGE F* 10$0 3 
= 
be] 
= 
Table 1-8 3 
x a, «x k, | x a, x ky; 2 
eo | 1 aes Eee eniaes 3 
{ 
0 1,000 | 4,0 | 1,678 | 8,8 | 3,376 | 19,0 | 6,974 q 
1,0 ) 1,005 |] 4,4) 1,826 || 9,2] 3.517 | 20,0} 7,328 , 
2:0 | 11078 | 478 | i971 | 916 | 3.658 | 2a%0 | xlots = 
2,2 1ll | 5,2 | itd | 0,0] 3,799 | 24,0] 8,741 4 
~ 2,4 | 1,152} 5,6 | 2,254 11,0] 4,151 |] 26,0 | 9,447 = 
2,6 | 1,201 | 6,0 | 2,394 j 12,0 4,504 | 28,0] 10,18 a 
2,8 1,256 | 6,4 | 2,533 1 13,0] 4,856 |] 20,0] 10,88 BF 
3.0 | 1,318 | 6,8 | 2,673 | 14,0 | 8.209 | 34.0 | 12,97 ; 
3,2 | 1,385 |} 7,2 | 2,813 15,0} 5,562 | 38,0] 13,69 
3,4! 1,456 | 7,6 | 2,954 | 16.0) 5,915 {1 42,0} 15,10 
3.6 | 1,529 | 8.0 | 3,094 | 17,0} 6.268 | 46,0] 16,52 - - = = 
3,8 | 1,603 | 84 3,235 | 18,0) 6,621 | 50,0] 17,93 
Fig. 1.2. On the calculation of the resistor/resistances of the 


losses of framework. 
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For the loop anteanas, which consist of very small turn number, the 


curve/graph of Fig. 1.2 we will not use. 

The cesistor/resistance of dielectric losses is chaagjed over 
wide Limits depenidiny on the type of construction and cannot be 
determined by calculation. 

The resistor/resistance of the small framework, equivalent to 
losses in the earth/yround, is usually negligibly small. For the 


large framework, suspend/hung from masts, this component of 


resistor/resistanze can have prevailing value. 


Appendix II. 


DERIVATION OF FORMULAS FOR MAGNETIC FIELDS IN MULTLWOUND GONTIOMETER. 


Equations (3.50) and (3.63) are simplified, sinc2 df periodicity 
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condition of triyo2nometric functions it follows 


n @) 


7 3) =—y Nps p=kna-+- (rae k Momer us- 
JS) cos Qn paowe ae MeHATECR B npenenax k=O + x) Ht 
Foal ipa p= kn—} (R= 1-0), 
{= 0 Npe APYrux suavenuax p, 


n 


ae an 
cos ~~ pin sin a m=s0, 
m=) 
n 
Vi sin =2 2s 
, in pimcos—-m=0, 
me) 
Nn ( . 
7 > «Ope po kn +i (k=0+ 00), 


f 
| 
y sin 2n pm sin 2 m{ n ec: 
| 
! 
{ 


m=l > mpt p= ka—1 (k= 1+0), 
a 
9 np apyrux p. 


Key: (1). with p = kn + 1 (where k can vary within the limits 
0 - ©) and with p = kn ~ 1 (k = 1 - ©), at other values of p. 


with. (3). with other p. 


Page 616. 


of k 


(2). 
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i 
a For a proof one should utilize the transformations: 3 
[Ee 3 
' cos . 17 PAL COs nay [ cos 7 (p+ 1) beos (1) a], 4 
i es or End nat i Bir ym Tem), ie 
: cos = pm sin =~ grag eee Da ee ie) , 
leg : : sin = pm sin 2 many [cose (+ 1) m— con ip tym], 3 
a : = 
4 
| E 
and consider that 2 
on[ Fre ne] =o] S409) 3 
r for p # (2n - 1) k, where k can vary from 1 to 1» 3 
2 Rn Qn n F 
| cos |p (P+ Dm] eos [FEe + (gem) |= i 
for p = (2n - 1) «, where k = 1 — «@ : 
2 : 
cos 0) m| = —coe| ip) (+m) 4 

: for p # (.n ¢ 1) k, where k = 0 — 
Qn “on Nn | 4 
cos a (p—1) m| == COs ea (p- n( +m) =| ’ 
for p = (2n - 1) k, where k = 0 — @ ; 
j 
, 
| 
q 
i ; ae eee ; i 
ee ie oe E 
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, Qn 9 (i 
sin ees (p £1) nm == — sin |=; (p+) (+ + m) | BceraAa; 
“ Qn 7 (mR 
y) cos [+ (p+ 1m] =n up p—kn— i; 


mat 


a oe { 3s) 
¥ cos es (p+) mn | =0 DB Apyrux cayuasy; 


mat 
n 


Qn * 
cos = (peel) n| sh Tipu pk +; 


mal 


an & 
cos [=F —1) m| <= 0  B Apytux cayuanx; 


wma 

a 
Vain [F (p+ 1) a] =0 4, 
m=! ; 


| ao FS 


No ncex cayuanx, 
sin [F (p—1) m| ==0 
nt i 
J 


mal 


(2). with. (3). 


in other cases. 





(4). 


in all cases. 
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S at . 
A : - © a] x 
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pod” 20 hat = 
ee eo n ‘ z = 
= Ce 
! py; A,cos pb > cos <= pm sin =~ m-b 2 
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i n Y 4 
! “Hy Akay Sin (A + 1) 8 — y Ans Sin (kan — 1) } . os 
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ee 
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E 
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APPENDIX ILI. jose " 
; ' COMNON/GENERAL/TOTAL EXPRESSIONS FOR THE PARAMETERS OF ELLIPTICAL # 
5: FIELD. FE 
i. : Ti 
Pe Let us examiie the general case of the equation of allipse, when = 
aa in (4.7) when sin a and cos a are the composite coefficients: aa 
7 ; - 
: t L=(! Pima sh Pinlalne Meese My alas, (1.1) " 4 
i ; ; ~ ss ppe My =sl + [m; My =n + fp. Skate Mis ie RIDE ait os Sah stn hich, wee —§ 
b 3 = 
We convert LII.1: EY 
' L2 = costa (12 -- m?) 4- sinta (a? - pt) -—sin 2a (fn mp). (UL.2) a 
: a 7 
{ Ir order to Jetermine the angle +f the orientation of the ] 
i transverse aw, let us equate zero derivative of L# i1 tarns of a: 3 
a a¢14) i 
L " a a sin Qe (n? -- p? — [§-- m?) — cos 2a [2 (In + mp)] = 0. 
: ’ 3 
, Solving, we wiil obtain expression £OC ana q 
= 4 
i 2 (in mp) 
' tg 24x = a (111.3) i 
ia Page 617. j 
2 From formula (iII.3), utiliziny forwulas of the transformation 
| of trigononetric functions, we will obtain 4 
' ft + pt - — [t—m? } 
y COS 28s == el 
é ~ Vite pt SP ini)? Fain pm py | at 
) 
ip | 
t Stree Vee prety ea (in py a 





a 
i 
t 
Q 
, 
« 
» 
7 
eer | «Bain Meded aie “tall. aauiedete es TES 
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[A , Let us find from (III.2) the relation of small and major axes of 
be the magnetic fieli of the goniometer: 
J 
foo4 : a3 
a bo ary feg4,8! ed BR. de AY L4 npi & == Oa 90" Yas 
r | A pane eae 
bo Pmt pat pt Vp Lm ET aE 
| 1 mt pt pep Pe Pee = mae Ap py 
‘| (IIL.5) 
| 
| 
or 
: Sree eset ars fg ees A 
d 8B Amt hat pre Vp Paty ane” = 
(Hi. 


A simpler characteristic of the ellipticity of field is obtained 


24) 
ay SE Pil U1) oo 
\ ANDY (ne pt my ine mp)? 
“"\B 
inl 
H : Sap sin 2¢uunn. (111-7) 


| 
| 
| 
i 
| 
| from {11%.6) in the form: 
i 
| 
\ 
| 
i 
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Formulas {IIL[.3) and (1II.7) are used further for iifferent 


special cases. 


Let uS demonstrate that in the small ratios A/B ther? is the 


equality: 


AN Me lim 
18 ( aan +) z) mM, a+ jp 


“ey 
ie 
4 
4 
Ta 
WW 
= 
tal 
= 
3 
a 
3 
ad 
3 
to 
3 
od 
Saeed 
a 
aE 
a 
3 
3 
va 
:8 
ach? 
bt | 
gti 
er 
aie 
= 
at 
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“th 
az 
it 
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It is decomposed the left side of the equality 


A sin 2enun 
tg (aw +i j\=— Sat 
4 608 26muu + ch 2-7" 
#° 3° 
sifjeae a ae (LB) 
COS Wenas “fr Eee i. 


Died da ie vende e odes AME LD) a aeagtLe Lines ee ee 


be cette a re tk 


where at the low values A/38 
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a 


DOC = 77223226 PAGE 3” 


[0049 














A at. 
24 =] = 
ones - ene Re 
BS AN E 
-(-4) E 
hose 2 (ip) — a Ss . 
V witty p—P= mij3- “fb 4(in - at mp)? ‘ Zz 
{[ AN? - (+) 2 | (111.9) ‘3 
ace JA 1] \26 a) a 
Chl Sl i ene ay GC leniea z : 
Geue 3 
= a4 ake + nt p? - 
4 V (ny pi pr lt — my E 4(in bpp? q 
{ cos 2aann h2- ASN Sg Ee OR E 
ae B V (tp pp adyeyag(intmpy? | zs 
{ " 
it 
; 4 
j : 
H 
; Let us supstitut2 expressions (II11.4) and (III.9) into formula 
(TII.8), then we obtain 
ie A in - mp mn -— tp z 
'n tg ( Gunn +f +) a5 +7 +/ “nip pt (11.10) 4 ns 
The cight side of eqnality (IL1.8) can be presented in this form: 
’ bt jm _in-mp mn—Ip - 
WEP ee pt tl ae pe (II. 1) 7 
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From expressions {III.10) and (III.11) follows the validity of the 
equality 
; A oe Ma 
18 (sun / +) ai ‘ 
We convert this equality, after substituting =" = 8 + A, where 
A is a reading ercor of bearing on the ainioua: 
A M 
wfo+(e+ig) lat 


{ A _ Mzcos 8 —M, sind 


— sans ? 
‘ (8+) g) S841 Ho sod F Maa ae 
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Appendix IV. 


Determination af the direction of the true meridian. 


Yhe direction ot the true meridian can be determined by the 
different methods, 9xamine/considared in practical astconamy and 
geodesy. We give the easiest methods, which do not require complex 


computations. 


1. Daterainatior of direction of true north in coapass, compass 


and other instrusants with magnetic needle. The advantage of this 








ist dab 


ean) AS ae 
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method is the possibility of its application/use at any time and 


a? 
re ea ee 
i 


ee - independent of the conditions of the weather. For obtainiag accurate 


tyr! result, it is necessary to dispose of exact value of th2 asagnetic 


declination for this met. (of one hundred, which not is al«eays 





vat Hluadl ddihas Lube iki ius en diet Hides ay 


possible. In areas of magnetic anomalies, a precise valu2 of the 
magnetic jeclination cannot be shown. The magnetic declination can 


. change in the periods of magnetic storms, 2 bg se , se 


2. Determination of direction of true meridian in aap/chart. The 


aha Rahiticlt. 


map/chart, used for determining the direction of the true meridian, 


ali 


ak 


he gee So ee eer eS 


must be sufficient large scale, for example ‘: 100,000 or 1: 50,000. 


t fia 


It is first of all necessary to apply on the map/chart a precise site 


of installation 9f radio direction finder. Further with the aid of 


a) 


ea di tena 2” 


compass or theadolite, they sight any noticeable object/subject 


(belfry, factory tube etc.), plotted/applied to map/chart. Distance 


jal THow tale 


of object/subject to scale of map/chart must be not less than 100-150 


acDietad marin 8 


wot 


Let the counted off according to instrument angle be equal to a. 
Is determined direction in object/subject relative to aeridian Bp in r 


map/chart. They turn alidade to anyle a - §8 (clockwise, if « > §) is 


ee en re ee err eee a eee es ete et 
i 


establish/installad in this direction the landmark, whith determines 


the dizection of the true meridian. For an increase in the accuracy, 


one should repeat the observations of relatively seconi 
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object/sub ject. If is obtained disagreemant, it is necassary to find 
and to remove its reason (most frequently incorrect mark of the 


position 9f radios direction finder on map/chart). 


3. Dateraination of direction of true meridian in Polaris. 
Polaris, entering the constellation Ursa Minor, is the closest star 
to celestial to tae North Pole. It is removed from pole up to the 
distance, equal approximately 1°, and ir its apparent motion is 
described around 9o0le small circle. Direction in Polaris coincides 
with the lirection of the true meridian only during its lower and 
upper culminations. The approximate local time of tha passage of 
Pojaris through the meridian is given in Table IV.1. For the 
calculation of daylight saving time, it is necessary to local tine 
(on table) to add the number of time zone, to take away (for eastern 
longitude) the longitude of place, expressed in time units, and to 


add unity. 
4. Dotermination of darection of true meridian by th2 sun. The 
direction of the true meridian can be determined by the position of 


the Sun at true noon. 
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For determininy daylight saving time, which corresponds to apparent 
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noon, it is nacessary 13 hours to add the number of time zone, to 
«ake away the longitude of place, expressed in hours andi ainutes, ani 
to add tha correction whose approximate value is given in Table IV.2 


(in min). 


Hours, the used determinations apparent noon, must be 


preliminarily checked, and their error must not exceed 19-15 s. For 


certain time to the calculated noon they induce the tube of 
theodolite or another similar instrument on the sun !. 59 that cross 


hairs in tube would divide the visible image of the Sun in half. 


FOCTNOTE 1, For the observation of the Sun necessary to apply the 


appropriate filter in ocular (can be used smoked glass). ENDFOOTNOTE. 


Further during tha motion of the Sun, they revolve smoorhly alidade 
with tube so that the intersection of filaments in tube would 
coincide with the center of tne visible image of the Sun. The second 
observec at this fine foilows tne hours and with the onsat of the 


torque/moment of apparent noon feeds the signal to the fitst, which 


stops the displacament of tube. 
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Key: (1). Date. (2). Transit time of Polaris through the meridian, 


the hour. Gy SSanuary and 20 July. (4) Geabiiary and 20 August 
20 Mareh anhhO 


OJ 
(5).) September 5(@)20 April and 20 


20 
November. (%)seAJane and on 20 December. (9). and. 


October; (7/29 May and 20 
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\ : i mapraca! | 12,5 1 moan & : 3,5 «1 nomBpaced 16,3 i 
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ef me 5 
ae 3 
ae Key: (1). Date. (2). Correction. (3). January. (4). May. (5). 4 
\ September, (6). Fabruary. (7). June. (8). October. (9). March. (10). i 
: = 
: July. (11). November. (12). April. (13). August. (14). Dacsember. 4 
SOS 3 
‘ 7 5 
i 
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In the obtained jirection is establish/installed the lanimark, which “ 
determines the direction of meridian. J 
For an increase in the accuracy of observation it is possible to 4 

repeat several tines. For example, the first signal they feed after 

half-hour to apparent noone The first observer, after listontinuing 

the displacemant of alidade, is record/written the angle, indicated 

i 

L. ones RS oe 4 
it : 
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; by instrument (a,). Further it renews guidance by the Sun before 


obtaining of the second signal accurately at noon. At this moment it 


Wsiaha Slltde Seabuuba” be asdicshalel dba wil’ atikel Ae 


ceases tha displacement of alidade and record/writes new angle (as). 


Be] 
Similarly he is tacord/written the third reading of the angle (a3). 3 

which must be proiuced accurately as later than se08, 1E0E example, ; 4 

half-hour), as the first readiny was produced earlier than noon. Thea j 

i oe wee control of accurasy is the coincidence of values a, # 43/2 and ag. - og 
For the true gdirastion of meridian, one should take 4 


aes Shey eh, 
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